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PREFACE. 


M unitions for a modern army cover practically all the wants 
of a civil community, the special arms, or lethal munitions, 
employed by the soldier m actual fighting operations. The scale 
of operations in a modem campaign is such that the wants of the 
army in the field necessarily compete with the requirements of the 
residual civil community which, in India, far outnumbers those on 
“ active ” service. 

Thus, the duty of equipping the armies in the field brings the 
department of Government that is directly responsible for this 
duty into immediate touch with the industrial life of the country, 
not the manufacturing and producing section only, but the con^ 
auming section of the community also. 

India, with its wealth in raw materials, has found it in the past 
easier to buy than to manufacture the articles required for its ameni* 
ties of life, The war has shown, however, that it is desirable to be 
less dependent on European countries for manufactured goods, 
and India, like other countries, has been compelled during the last 
four years to improvise for the time being, while laying plans for 
industrial development in the future. 

This handbook was originally prepared as a companion to the 
exhibit made by the Indian Munitions Board at the Exhibitions 
held in Bombay and Madras in the cold weather of 1917-18. 
The first edition having become exhausted and the demand fox it 
from the public being still insistent, the opportunity has been taken 
of revising the original articles and of adding others, but thie hand- 
book is still incomplete and makes no claim to be an industrial 
survey of India. It is primarily intended to explain something 
of what has been done to develop India’s industrial resources 
for war purposes ; but it also describes some of the general industrial 
development, which has taken place during, and on accoimt of, 
the war, and discusses the possibility of further development in 
the future. 

Some difficulty has been felt in describing the operations of the 
Board and its branches, because some of them have come to an end 
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and others, though now still in progress, are likely in the near 
future either to cease or to undergo considerable modifications. In 
order to avoid constant changes from the present to the past tense 
and vice versa — changes which would not be intelligible to the reader 
and might cease to be accurate by the time the book appeared or soor^ 
after — these descriptions have been uniformly couched in the past tense. 

Many of the articles appearing in the handbook are writtej^ 
by authorities, who are not under the administrative eotitrol of 
Indian Munitions Board, but have voluntarily contributed their 
ijiformation in order to make the handbook more usefuL To them 
ajid to all who have assisted in its preparation the. Board is greatly 
indebted. The opinions expressed in the signed articles art*, sonn*- 
times somewhat divergent and must be taken as expressive of their 
author’s views. The Board considers, however, that rnh'antage 
is gained by allowing authors to express, in their own way, views on 
questions about which there is room for more tlian one opiiii(>n at 
the present stage of development. 

Delhi ; ^ T. H. HOLLA NJ), 

The 24:t}i March 1919. j President, Hn/dr// Mv)( d ions lUatni . 
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History and Organisation of the Board. 

In December 1916 an inquiry was initiated by His E:!icellenoy 
the Commander-in-Chief, as to whether more 
could not be done to develop Indian resources 
for war pm'poses, so as to relieve the United Kingdom as far as 
possible from the necessity of meeting extraneous demands. IVith 
this object and with a view to prevent competition and overlapping 
in the purchase of supplies, His Excellency suggested the creation of 
an organisation on somewhat similar lines to ^ose of the Ministry 
of Munitions in Great Britain. The idea was approved by the 
Government of India and it was decided that as the new depart* 
ment would have the opportunity by its work of gauging the 
resources of the country, it should also undertake the duty of 
dealing with applications for the grant of priority assistance in the 
manufacture and export of articles from the United Kingdom to 
India. 

While the steps to carry this decision into effect were under 
discussion, a telegram was received on February 1st, 1917, from the 
Secretary of State in which His Majesty’s Government expressed 
their desire that further efforts should be made to develop Indian 
resources for the supply of the forces in India, Mesopotamia and 
Egypt. A few days later, on February 16th, 1917, the establish- 
ment of the Indian Munitions Board was sanctioned, which, after a 
period devoted to preliminary organisation, undertook its formal 
■duties as a department of &e Government of India under the im- 
mediate charge of His Excellmcy the Army Member on April Ist, 
1917. 
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The Board’s primary function was the utilisation to the utmost 
^ jii. n extent of Indian resources in materials of all 

un om 0 e 0 . (except food and fodder) required for the 

prosecution of the war, an object which included, not merely the 
actual use, wherever possible, of Indian materials and Indian 
manufactures, but also the purchase of these and of imported 
stores on the most advantageous terms by a purchasing organisa- 
tion, which should eliminate competition in buying between the 
different departments of the public service. The Board had to 
meet civil as well as military demands for stores and became 
responsible for regulating the demands of India on the United 
Kingdom for plant and stores manufactured, in England, where all 
available materials and expert labour were required for the task 
of supplying the needs of the armies in the European fields. 


As the Board was organised under war conditions, it was essen- 


Early organisation. 


tial to cause as little dislocation as possible 
among the existing agencies which were supply- 


ing war stores. Its development, therefore, though in many ways 
rapid, was gradual and in accordance with the plan originally 


designed. The first step was to take over from the departments 


already administering them any existing supplying agencies which 
oould both readily be detached and could more appropriately be 


placed under the Board’s direction. But no effort was xnade to 


make changes for the sake of completeness, and thus the Board 
xefrained from absorbing units 'which were already organised for 
war purposes in a self-contained manner, and did not in their opera- 
tions conflict with other agencies. Thus, the arrangements made by 
the Commerce and Industry Department for the supply of mica, 
wolfram and lac were not disturbed. 


The first branch organised was the InteUigence Branch on 
March 17th, 1917, and a few days later the Board took over from 
the Bailway Board the provision of railway materials for overseas 
and the construction and supply of rivercraft, launches, etc., for 
Mesopotamia and other theatres of the war. These constituted 


two branches, the former of which also controlled the supply of 
steel from the Tata Iron and Steel Works. On April 1st the 
Hides Branch was formed in order to take over the purchase of 
raw and tanned hides for the War Ojfl&ce and at first, also, that 
of Tibetan wool for use for Government purposes in Indian mills. 
On April 12th the Priority and Home Indents Branches came into 
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'being for the reasons already described, and on April 16th, a new 
branch was created under the name of Timber Supplies, to deal 
with the supply of timber and forest produce to officers indenting 
from overseas and in India. On May 31st the Indian Indents 
Branch was constituted to deal with all demands on India for the 
supply of stores, except for textiles for which a special branch was 
formed on June 19th. The Board had now reached a stage of deve- 
lopment which absorbed all its energies for some time and no further 
branches were formed till January 1st, 1918, when the undertaking 
■of the Ordnance Factory extension scheme, initiated by Sir Frede- 
rick Black of the Ministry of Munitions, necessitated the taking over 
■of the Ordnance Factories from the Director General of Ordnance. 


Subsequently a number of new branches were formed as necessity 
arose, and the final organisation of the Board was as described below. 
The position of the Indian Munitions Board in the machinery of 


Final organisation Government was analogous to that of the Rail- 
way Board, constituting, wdth the Army Member, 
a Department of the Government of India. It consisted of a Presi- 


dent, assisted and advised by four Members. Unlike the Railway 
Board, however, the Indian Munitions Board had a Financial 


Member, who was also Financial Adviser in the Army Department, 
and referred direct to the Finance Member all questions of 
expenditure which required his orders. 

The Board had an organisation at the head-quarters of the 
Government of India, which was supplemented by provincial organ- 
isations in each province. The head-quarters staff was divided 
into well-defined branches, each relating to a subject which, for 
technical .or commercial reasons, required centralised control. Six 
of these branches were, however, stationed at Calcutta, namely 
Hides, Jute Manufactures, Shipbuilding, Electrical and Mechanical, 
Hardware, and Miscellaneous Branches and one, Agricultural Require- 
ments, Mesopotamia, at Poona, Each branch thus constituted was 
placed under the administration of a Controller who was either an 


expert or, if chosen rather for administrative ability, was furnished 
with the necessary technical assistance. The Controllers were 
assisted as a rule by Deputy and Assistant Controllers, some of 
whom were stationed at important centres elsewhere in India, 
and each Member of the Board was directly responsible for a 
group of Controllers. Eventually, in addition to the branches 
which were specifically concerned with establishment and general 
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administrative work, there were twenty branches under Controllers 
which dealt with the following subjects ; — 

(1) and (2) Industrial Intell^ence, and Chemical and Mineral 
„ - ^ . Branches. — The Industrial Intelligence Branch 

collected mdustnal information and dissemi- 
nated it to other branches, to provincial Controllers and departments 
of industries, and thus acted as a general clearing house of industrial 
information. It worked in conjunction with other branches in develop- 
ing Indian industries and resources and placed its information freely 
at the disposal of manufacturing firms. It also dealt with those 
industrial activities, such as the glass and pottery industries, which 
were not the special concern of other branches of the Board. A 
second branch, under the same Controller, dealt with the organisa- 
tion of chemical research in India and such questions afiecting the 
chemical and mineral industries as did not fall within the special 
sphere of the Director of the Geological Survey of India. The work 
done by this branch is briefly described in the next article. 

(3) and (4) Priority and Home Indents Branches. — These two 
branches were created as the Indian agency of the Priority Branch 
of the British Ministry of Munitions. The Priority Branch controlled 
all priority organisations dealing with applications for priority 
assistance for materials required from the United Kingdom and 
the United States of America. The Home Indents Branch scruti- 
nised all indents from Government Departments and Railways 
for articles required from the United Kingdom and also controlled 
applications for permits to export articles on the prohibited list, 
and both branches co-operated with other branches in dealing 
with demands received from indenting officers in India or overseas, 
and with the Munitions Manufactures, Intelligence, and Chemical 
and Mineral branches in the development of Indian industries. The 
manner in which they effected this is described in a subsequent article. 

(6) Indent Distribution Branch. — The Controller divided all 
demands received by the Board among the appropriate supplying 
branches and dealt with all special cases regarding supply of 
stores which necessitated inquiries at the Board’s headquarters. 

(6) Railway Materials Branch. — ^This was formed to deal with 
the provision of railway materials, such as rails and fastenings, 
sleepers, bridging material, rolling stock, etc., to war areas, and 
also the control of the supply of steel from the Tata Iron and Steel 
Works, Sakchi, by an arrangement under which the Government 
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liad first call on its entire output of steel. Tlxe rolling stock supplied 
from India to overseas forces Las been drawn entirely from Indian, 
railways. Tbe assistance ttus rendered by the railway organisations 
of India has been vital, but the depletion of rolling stock and material 
thus caused has added considerably to the difficulty of mobilizing, 
the resources of India for the war. 

(7) Shifbuilding Branch . — separate acpunt of this branch is 
given elsewhere by the Controller. As the Rivercraft Branch, it 
controlled the construction and supply of new rivercraft, launches, 
etc., and connected material for Mesopotamia and other theatres of 
the war, and also of new craft for coastal defence purposes. Subse- 
quently its energies were largely devoted to the development of 
merchant shipbuilding in India. Repairs to inland and sea-going- 
vessels were also controlled by it. 

(8) Timber SujrpUes Branch . — ^This branch was created to deal 
with the supply of timber and other forest produce to mdelLting 
officers both overseas and in India. An account of its operations is 
given separately. 

(9) Hides Branch . — The Controller of this branch directed the 
purchase of tanned and raw hides for the War Office and at one 
time also controlled that of Tibetan wool for use for Govern- 
ment purposes in Indian mills. He also exercised a general control 
over tanning in India xmder the Defence of India (Tanning) Rules. 
A description of his work will be found later. 

(10) Textiles Branch . — ^This branch was formed to control the 
purchase in India of all textiles composed of cotton, wool or silk 
for Government service and of boots for the army. It originalljr 
controlled also the Army Clothing factories, which were taken over, 
on the 20th August 1917, from the Quartermaster General in India, 
but these were subsequently transferred to the new Clothing 
Branch. 

(11) Clofhmg Branch . — As the work of the Textiles Branchi 
admitted of sub-division into two distirkct sections, a new branch was 
created to deal with all questions connected with the manufacture- 
and. supply of articles of clothing and the administration of the 
Army Clothing factories, the Textiles Branch retaining control of 
the purchase in India of textiles required for the purpose. 

(12) Jute Manufactures Branch.— All demands for jute and kin- 
dred fabrics, such as sunn hemp, were met by this branch, whether 
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ior India and the armies based on this country or for the Allies and 
British Possessions. 

(13) Agricultural Requirements^ Mesopotamia, Branch, — The Con- 
troller, with headquarters at Poona, supplied all agricultural require- 
ments such as seed, irrigating plant, etc., for Mesopotamia, in consult- 
ation with the Central Transport and Foodstuffs Board and the 
Quartermaster General in India. 

(14) Ordnance Factories Branch, — This branch was formed to 
enable the Board to administer the Ordnance Factories and their 
extensions. 

(16) Electrical and Mechanical Branch, — The Controller met 
indents for electric plant, workshop machinery and engineering 
plant of aU descriptions. 

(16) Hardware and Metals Branch, — All hardware, tools and 
metals were purchased and supplied by this branch. 

(17) Oils and Paints Branch, — This branch met all indents for 
•oils, paints, rosin, tar, turpentine and varnishes. 

(18) Miscellaneous SUnres Branch, — ^The Controller supplied all 
miscellaneous stores, such as cement, brushware, cutlery, glass, 
soap, etc., not supplied by the other three branches named 
above. 

(19) Munitions Manufacture Branch, — This branch was formed 
with the object of more fully utilising the workshop resources of 
India, more especially for ordnance stores other than those manu- 
factured in Government factories. Orders were distributed so as to 
enable certain firms to specialise in particular classes of work, and it 
was hoped, had the war continued, that under these conditions the 
regulation of prices would have become practicable in the case of 
articles, for which there was a considerable demand. 

(20) Fmance Branch, — This branch was in charge of the Deputy 
Controller of War Accounts, who acted as the financial officer of the 
Board under the control of the Financial Member. He also acted as 
a Deputy to the Financial Adviser, Military Finance, and in this 
capacity, dealt with all questions involving sanction of expenditure. 
As an accounts officer, he was a Deputy of the Controller of War 
Accounts. The other officers of this branch were disbursing and 
audit officers under the supervision of the Controller of War 
Accounts. 
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The provincial organisations included ten Controllers, provided^ 

, . , , ... where necessary, with deputies and assistants, 

Provincial organisation. . i. j? i n . 

in each of the following areas : — 

Bombay, United Provinces, 

Bengal and Assam, Central Provinces and Berar, 

Madras, Bihar and Orissa, 

Burma, Delhi and 

Punjab, Karachi. 

The provincial Controllers who were in most cases the provincial 
Directors of Industries, where such had been appointed, may be 
Lescribed as the liaison officers of the Board with the provincial 
Jovernments. They provided an easy and informal means of com- 
nunication with each province and during the period of active 
lostilities not only acted as the executive officers of the Board in 
Lpplying the Defence of India Rules, when necessary, and in the 
general superintendence of the subordinate establishments working 
n their areas, but saw that all local industries were fully utilised 
or war work ; they also collected and supplied to the Board and 
ts specialised Controllers all information required in connection with 
;he Board’s operations. This system of local representatives was later 
extended to the Indian States, which, since the f oimdation of the Board, 
had been rendering assistance in various ways, 
n an a es. especially in respect of tirhber supplies and the 
production of hides and leather. No systematic relations were, 
lowever, established until the Delhi Conference of May 1918, as 
jhe result of which Controllers of Munitions were appointed in Baroda, 
Viysore, Travancore, Benares, Kashmir, Pudukkottai, Banganapalle, 
3andur, Hyderabad and Rampur. These appointments resulted in 
renewed ofiers of assistance and the supply of detailed information 
[regarding the resources of the States concerned. 

One of the most important of the functions of the Board was 

, - « . the utilisation of the Defence of India Rules for 

Defence of India Rules. ... £ • •j.’ z j 

the purpose of securing munitions of war and 

facilitating the development of the resources of India. The principal 

rules which the Board found it necessary to use were Nos. IIA and 


Indian States. 


Defence of India Rules. 


IIAA, which provide for the collection of information regarding, 
and the acquisition of, stocks of articles required for war purposes; 
The Board resorted to the practice of requisitioning of goods 
only in those cases in which they could not be obtained at 
reasonable prices by private negotiation. Rule IID, which provided 
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ioi the utilisation of any mine, industiial concern, or business for 
purposes connected with the prosecution of the war, was used 
principally to ensure the development of the tanning industry with 
a view to the supply of leather for army purposes. Eule IIG, which 
made provision for the control of dealings in war material, was 
for a long time utilised only to a comparatively small extent, 
principally in connection with steel plates and sections, which 
were required for ship repairs, it being essential that stocks of 
these should be conserved for this important purpose. But latterly 
the same rule was used to control dealings in general in steel plates, 
steel wire ropes and a few other articles needed by essential 
-industries, but not manufactured in India and only available in 
very limited quantities. In exercising these powers every efort was 
-made to avoid interference with reasonable trade requirements, 
and although delegations* were necessarily made to subordinate 
officers, detailed instructions were given, the observance of which 
would prevent any avoidable inconvenience to the public. 

On the whole, in consequence of the ready co-operation especially 
■of the larger manufacturing concerns, very little use of the rules 
was necessary, and there was a general and gratifying response by 
'both manufacturers and dealers in meeting war demands. 


The desire to supply the forces based on India from this country. 


Purebasefor stock. 


and so to avoid unnecessary demands on 
the United Kingdom, naturally led to the 


•decrease in stocks of all kinds of imported articles and, in the 


case of most of them, to great and irregular increases in price. 
To mitigate this cause of inconvenience, the Board, as described 


in a separate article, did its best to increase the manufacturing 
resources of India, and eventually in order to facilitate compliance 
with demands and to avoid disturbance of the market caused by 
•emergent buying, made arrangements for the establishment of 


depdts at Calcutta and Bombay for stocks of articles most 


-in demand. 
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Relations to Indigenous Industries. 

fuuotions of the Indian Munitions Board as laid down in the 
Gazette of India, in February 1917, were : — “ to control and develop 
Indian resources, with special reference to the needs created by the 
war .... to limit and co-ordinate demands for 
articles not manufactured or produced in India and to apply the 
manufacturing resources of India to war purposes with the special 
object of reducing demands on shipping.” The ability of the Board 
to develop industries in India therefore has been strictly limited 
by the concentration of its energies on its primary object, namely, 
the immediate supply of demands from the armies in the Eastern 
theatres of war, but within those limits it has been able to foster the 
growth of indigenous industries in many ways, the most important of 
which are : — 

(1) the direct purchase iu India of articles and materials of all 

kinds needed for the army and civil departments and 
the railways ; 

(2) the diversion, whenever practicable, by means of the priority 

system and its control over home indents, of all orders 
for articles and material from the United Kingdom and 
elsewhere to manufacturers in India ; 
f (3) the giving of assistance to individuals and jQrms who desired 
to import plant or to engage chemical and technical 
experts and skilled labour from Home or elsewhere, in order 
to establish new industries or develop old ones ; 

<(4) the dissemination of information and expert advice and the 
giving of other direct or indirect encouragement to 
persons prepared to establish new industries in India. 
With the exception of foodstufis, medical stores, and certain 
technical stores, such as mechanical transport, for the provision of 
which there already existed special organisations, the Indian Muni- 
tions Board became responsible for the supply of all articles requiced by 
the armies stationed in and phased on India, by Government depart- 
ments and by State railways, as well as for certain materials needed 
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by tbe Imperial Government at Home. The following statement 
shows the total amount expended in India through the agency of the 
Board during the year 1917-18, and the first six months of 1918-19; 

Table . — of the Indian Munitions Board for the eighteen 
months ending September SOth 1918. 


(Thousands of rupees.) 


Head. 

Year end- 
ing March 
Slst 1918. 

Six months 
ending 
September 
30th 1918 

Total 

EXPBSDI- 

TUBE. 

i 

IBeuaexs. 

I, Salaries, establishments, 
etc : — 





(1) Headquarters 

7,79 

1 

8,14 

15,93 


(2) Prorinoial 

9,85 

19,32 

29,17 

Does not include the 
cost of establish 

Total I 

n. Supplies : — 

17,64 

27,46 

45,10 

ment for tanneries 
and factories which 
is taken under Head 

(a) Shipbuilding, eto. 

1,50,97 

75,70 

2,26,67 

m. 

(b) Tata’s roils and 

1,05,16 

28,68 

1,33,84 

1 


fishplates. 

1,45,92 


(c) Other railway 

materials, inclu- 
ding sleepers. 

1,46,82 

2,92,74 


(d) Timber 

86,36 

1,34,82 

2,21,18 


(s) Engineering stores 

6,04 

45,27 

61,31 1 

1 

(f) Textiles and jute 

85,50 

78,91 

1 

1,64,41 

1 

Mainly for jute manu- 
factures : does not 
include payments on 
account of the Army 
Clothing Depart- 
ment which are 
taken to Head in 
(a). 

(p) Ordnance and 

misoeUaneoas stores. 

2,54,77 

7,37,63 

9,92,40 

Does not include pay- 
ments on account 
of the Indian Ord- 
nance Factories^ 

which are taken to 
Head III (b). Tents, 
packing materials 
and leather articles 
are the chief items 
of expenditure under 
this head. 

Total 11 • ! 

1 

8,36,62 j 

12,46,93 > 

20,82,55 

I 
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Table. — Expenditure of the Indian Munitions Board for the eighteeru 
months ending September 30th 1918 — contd. 


(Thousands of rupees.) 


Head. 

Year end- 
ing March 
SlstlOlS. 

Six montha 
ending 
September 

30th 1918. 

Total 

EXPE17DI- 

TUBX. 

III. Factories etc. — 

(a) Army Clothing 
Factories. 

3,87.67 

6,75,34 

9.63,01 

(&) Ordnance Fac- 
tories. 

67,74 

2,42,64 

3,10,38 

(c) Tanneries and 

tanatuffs. 

15,35 

8,14 

23,49 

(d) Other factories . 

9,15 

7,23 

16,40 

Total 111 

4,79,91 

8,33,37 

13,13,28 

IV Miscellaneous • 

3,02 


3,02 

GRAND TOTAL . j 

13,36,19 

21,07,76 

34,43,65 


This statement does not include stores purchased from abroad^ 
and although many of the articles which were 
by^he^oard, ^“*'®**“®* purchased in India were imported, the tendency 
was to rely more and more on local manufac- 
ture, for the development of which for war purposes the Board 
was partly brought into existence. The Board’s invariable policy 
was to deal with manufacturers direct, wherever possible. An 
analysis of eight and a quarter crores expended on ordinary stores, 
during the last quarter shows that 47 per cent, was paid to> 
purely Indian firms, 26 per cent, to purely European firms and 
27 per cent, to joint-stock companies. The joint-stock companies 
include the cotton mills, which are mainly Indian, and the jute 
mills, which are European in management but composite in share- 
holding. In addition to this, over a crore a month was paid for hides 
and leather, almost entirely to Indian firms. There is no doubt, 
therefore, that Indian firms have contributed mainly to the supply 

B 
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of stores, while far the greater part of the money paid to European 
firms and joint-stock companies has necessarily stayed in the country. 
Thus the 34 crores paid out by the Board during the last eighteen 
months must have given some assistance to the development of 
industries in India. That this is so is clear from the accounts of the 
textile and timber trades, the taiming and leather industry, and the 
development of the Tata Iron and Steel Works given elsewhere in 
this book. The factories recently brought under the Board’s own 
control, also, are by no means insignificant examples of manu- 
facturing enterprise. The operations of the army clothing and 
leather factories are described separately, while the expansion in the 
output of the ordnance factories can best be seen from a comparison 
of their total cash expenditure m 1913-14, viz., about fifty lakhs, 
with the sum of Es. 2,42,64,000 which was spent on them in the 
first six months of this financial year. A large scheme for extension, 
which was imdertaken on the advice of Sir Frederick Black of the 
Ministry of Munitions, is now being carried out at a cost of about three 
quarters of a million sterling. This with the new acetone factory 
at Nasik, will give employment to a number of Indians and 
render the country more nearly independent of outside supplies of 
military stores. 

All indents from Government departments and railways passed 


Priority procedure. 


through the Board and its local representa- 
tives, and were carefully scrutinized with a view 


to obtaining every article possible in India. As Government has 
the greatest spending power of any body in India, the effect of this 
alone in encouraging manufactures was very great. In order to 
economise freight and , prevent unnecessary demands on the United 
Kingdom and the United States of America, recommendations for the 


grant of priority were made only when* it was impossible to purchase 
the article or a suitable substitute locally, or to arrange for its 
manufacture within a reasonable period. Openings which came to 
light in this way were brought to the notice of likely firms, with 
the result that many new branches of manufacture are being and 
have been started in India. In numerous cases, also, the Board was 


able to bring the names of existing manufacturers, of which it became 
aware through its Intelligence Branch, to the knowledge of custo- 
mers and thus assisted in the development of industries. The follow- 
ing list of articles among others for which the Board repeatedly 
refused to recommend priority, on the ground that they, or a suitable 
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of stores, while far the greater part of the money paid to European 
firms and joint-stock companies has necessarily stayed in the country* 
Thus the 34 crores paid out by the Board during the last eighteen 
months must have given some assistance to the development of 
industries in India. That this is so is clear from the accounts of the 
textile and timber trades, the tanning and leather industry, and the 
development of the Tata Iron and Steel Works given elsewhere in 
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control, also, are by no means insignificant examples of manu- 
facturing enterprise. The operations of the army clothing and 
leather factories are described separately, while the expansion in the 
output of the ordnance factories can best be seen from a comparison 
of their total cash expenditure in 1913-14, viz., about fifty lakhs, 
with the sum of Rs. 2,42,64,000 which was spent on them in the 
first six months of this financial year. A large scheme for extension, 
which was undertaken on the advice of Sir Frederick Black of the 
Ministry of Munitions, is now being carried out at a cost of about three 
quarters of a million sterling. This with the new acetone factory 
at Nasik, will give employment to a number of Indians and 
render the country more nearly independent of outside supplies of 
military stores. 


All indents from Government departments and railways passed 
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through the Board and its local representa- 
tives, and were carefully scrutinized with a view 


to obtaining every article possible in India. As Government has 
the greatest spending power of any body in India, the effect of this 
alone in encouraging manufactures was very great. In order to 
economise freight and .prevent unnecessary demands on the United 
Kingdom and the United States of America, recommendations for the 
grant of priority were made only when'^it was impossible to purchase 
the article or a suitable substitute locally, or to arrange for its 
manufacture within a reasonable period. Openings which came to 
light in this way were brought to the notice of likely firms, with 
the result that many new branches of manufacture are being and 
have been started in India. In numerous cases, also, the Board was 


able to bring the names of existing manufacturers, of which it became 
aware through its Intelligence Branch, to the knowledge of custo- 
mers and thus assisted in the development of industries. The follow- 
ing list of articles among others for which the Board repeatedly 
refused to recommend priority, on the ground that they, or a suitable 
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substitute, could be manufactured in India, show what opportunities 
have been afforded to Indian manufacturers by the war : carbolic, 
sulphuric, and hydrochloric acids, caustic soda, magnesium chloride, 
zinc chloride, fflter-bag sheaths, brushes and brooms of aU kinds, 
leather and cotton beltings, boiler composition, bolts, nuts and 
rivets, locks and padlocks, galvanised buckets, buttons, buffer straps 
and buffers, buffalo jute-pickers, cast-iron piping, lamp chimneys 
and globes, chrome leather, disinfecting fluids, fire-bricks, soldering 
fluid, glass dishes and jars, various surgical instruments, pen-knives 
and pruning knives, scissors, leather washers and other miscella- 
neous leather articles, linseed oil, lubricants, manilla rope, antifriction 
metal, metal polish, red and yellow ochres, turpentine, paints and 
varnishes, roller skins, soap, tallow, tea chests and tea lead, twine, 
paraffin wax, cotton webbing, ship-fittings, sheepskins for rice mills, 
gears, cast-iron wheels, wooden handles for tools, hand tools and 
machinery spares of all descriptions. 

In order to develop India’s manufacturing capacity to the fullest 
possible eadient, the Board appointed an experienced engineer as 
Controller of Munition Manufactures, whose particular duty it was 
to encourage the manufacture in India of articles required for the 
prosecution of the war. A special branch, the operations of which 
are described elsewhere, was also constituted to supervise the con- 
struction and re-ereotion of rivercraft, launches, etc., and to assist 
in the development of merchant ship-building in India. Apart from 
this, the Board supported applications for the export of plant 
from the United Kingdom and elsewhere in all cases in which it was 
required for the manufacture in India of essential articles which were 
likely to be produced during the period of the war. In similar 
cases the Secretary of State was frequently asked to support 
applications for passports for chemical and technical experts and 
skilled workmen required from Home. 

The Board has also maintained an Intelligence Branch, the func- 
tion of which was to collect industrial information 
Branch. and disseminate it to other branches, and to 

provincial Controllers and Directors of Industries 
and so to act as a general ‘ clearing house ’ of industrial infor- 
mation. It worked in conjmiction with other branches in developing 
Indian industries and resources, and its information was placed freely 
at the disposal of manufacturing firms and all concerns or persons, 
who seemed likely to undertake the manufacture of any useful article, 

b2 
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Special attention has been paid to the development of chemical 
industries in India, on the existence of which 
Chemical Industries. possibility of the sound growth of 

indigenous industries. The Board maintained a permanent chemical 
adviser, whose expert knowledge was at the disposal of all inquirers. 
A conference of chemists was held at Lahore in January 1918, in 
order to discuss how far it was possible in present circumstances 
to utilise the services of chemists in India to carry on inves- 
tigations of war importance or connected with industrial development, 
and in what way chemical research should be organised after the 
war. As a result of this conference, a number of researches have 
been conducted under the auspices of the Board by chemists, who 
kindly placed their spare time at its disposal, and from these 
researches some important results have been obtained. Constant 
inquiries have also been made as to the development of chemical 
manufacture in India and every possible assistance and encourage- 
ment has been given to firms engaged in this work. The following 
important chemicals among others have been produced on a commer- 
cial scale for the first time in India since the war began : — Caustic 
soda, magnesium chloride, red lead, thymol, sandalwood oil, and 
zinc chloride. The manufacture of sulphuric acid, copperas and 
other chemicals has also been greatly developed. 

In the cold weather of 1917-18, a small exhibit was organised in 
connection with the exhibitions of foodstuffs, etc., held in Bombay 
and Madras. In order to explain this exhibit and also to show 
what was being done in the way of industrial development, the 
first edition of this handbook was prepared. Both the exhibit 
and the handbook were prepared at short notice and so were not 
fully representative of the developments that have recently occurred. 
It is the intention of the Board to publish a number of special 
monographs on various industries, such as the textile and tanning 
industries, showing their previous history and development during 
the war and theic future prospects. — 

The Board has paid special attention to the development of what 
may be called ** key industries, so far as this 


Other 

development. 


Industrial possible in India. For instance, atten- 

tion has been focussed on the accessories used 


by the milling industries in this country, such as roller skins, 
pickers, sheep skins for rice polishing, belting, etc. Several of these 
articles are now being manufactured with success in India, and some 
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of our most important manufacturing industries are less liable to 
be disturbed by a sudden cessation of imports than they were before 
the war. Other industries, to which considerable attention has been 
paid, are the manufacture of anti-friction metal, ferro-manganese, 
glass, pottery, refractory bricks, disinfecting fluids, tea-pruning 
knives, tea chests, asbestos boiler composition, glucose, coir articles 
and graphite crucibles. In most of these, considerable success has 
now been obtained by manufacturers. Ferro-manganese is now 
exported on a large scale. The development of the glass industry 
has already been considerable, and such articles as bottles and 
phials, which were previously imported entirely from abroad, are 
now being manufactured in the country on a commercial scale. 
Refractory materials, suitable for lining the hottest furnaces, are 
now made in India, and it is hoped that the country will soon 
be independent of foreign imports of these articles. Pruning 
knives are also being made in numbers practically sufficient to 
supply the whole demands of the tea industry, which requires 
several himdred thousand annually. 

The Board has also examined the possibility of the manu- 
facture of certain important articles on a large scale in India. 
An example of this is the inquiry into the possibihty of producing 
calcium carbide^ and nitrogen products, which is briefly discussed 
elsewhere. It is hoped that these and other researches will lead 
eventually to the establishment of various basic industries in India, 
which will hasten the general industrial development of the country. 
Nuriierous schemes for the establishment of "useful industries in 
India have been placed before the Board. These owe their incep- 
tion chiefly to the enterprise and initiative of private firms. The 
following examples of new manufacturing industries, for which in 
many cases the plans are already far advanced, may be given : — 
the distillation of coal tar ; 

the rolling of steel plates and the making of galvanised sheets 
and tin plates ; 

the refining of, copper and zinc ; 

the erection of plants for making steel tubes and steel piles ; 
the manufacture of textile and agricultural machinery ; 
the making of railway wagons and electrical plant ; 
the production of steel- wire, cutlery and enamelware ; and 
the construction of electric furnaces for the production of steel 
castings and ferro-alloys. 
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Development during tlie war lias, however, been hindered by 
several causes, which have made it far more difficult for India than 
for other countries more advanced industrially to take advantage 
of the opportunities afforded by the war. These are — 

(u) the great difficulty under war conditions of obtaining essen- 
tial machinery and materials such as cannot be made 
in India ; 

(6) the shortage of coal and coking plant, coupled with a short- 
age of railway wagons and coasting vessels ; 

(c) the difficulty of procuring from abroad chemical and techni- 
cal experts, who are all needed in their own countries 
(India herself has very few such experts) ; and 
{d) the shortage of skilled labour. 
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Industrial Development in Bengal. 

By J. C. K. Peterson, C.I.E., I.C.S., 

Codtr oiler of Munitions and Director of Industries^ Bengal. 

The war has already had a very direct efiect on all industry in 
- . - India. It has taught India its dependence 

tries on Imported acces- on other countries and the danger of such 
soties. dependence. 

The two chief industries in Bengal, jute and tea, were entirely 
dependent on supplies of machinery from Europe. At the outbreak 
of -war, if the supply of raw hide pickers from England had stopped, 
most of the jute mills on the Hooghly would have had to shut 
down. The consumption in the Bengal jute mills is approximately 
46,000 a month. If pickers could not have been obtained, machinery 
and buildings worth millions expounds sterling would have lain idle. 

A very large proportion of the Indian tea crop was, and still 
is, packed in boxes obtained from foreign countries. Patent chests 
were imported from Bussia or Japan, and the metal fittings came 
from England or America. Ordinary boxes are also imported from 
Japan in large quantities. Hoop iron, nails and clips for ibstenmg the 
patent chests also come from foreign countries. Without these 
supplies it would be impossible to pack the tea and a very large 
percentage of the crop would rot, as tea cannot be stored in bulk. 

These are only minor instances, but they indicate the danger to 
India of dependence upon external supplies. 

The industrial development in. Bengal which has followed on the 

, ^ , war has run mostly on this line. A need has 

Industrial develop- '1:11.1. j. 

ment : its causes and arisen ; some source of supply has been cut 

character. ofl, and immediately private enterprise 

assisted or directed by the State, has come forward with attempts 

to replace it. Military necessity drove the State into the great 

markets. The State became a shopkeeper on the largest possible 

scale, and it could not afford to risk any shortage in supply. The 

old theory that private industry should be left to look after 
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itself is dyiQg. In vrar time, industry cannot look after itself. The 
cutting off of supplies has, therefore, led to development along 
one line. 

In another direction the cutting off of markets has led to develop- 
ment. This is not at present so much in the public notice, but even- 
tually it wiU be a more far-reaching cause of industrial development 
than the other. One of India’s most valuable possessions, both 
from a military and a commercial point of view, is a constant supply 
of raw hides and skins. Together with this, there is the very large 
supply of tanning materials, both vegetable and chemical, which 
•exist in the country. The tanning of a hide adds roughly four to 
five rupees to its total value, yet for years India had been exporting 
its hides and its vegetable and chemical tanning materials in the same 
ships. A certain amount of tanning was carried on, both vegetable 
and chemical, but the number of hides treated was negligible com- 
pared with the number exported. In Bengal alone the raw hides 
exported in 1913-14 weighed 1,302,490 maunds. Of these hides 
the Central European Powers took the greater proportion. In fact 
it is estimated that before the war at least 60 per cent, of the total 
export of raw hides went either to Germany or Austria. 

When war broke out this market Vanished. The world, however, 
must have leather, and it is inconceivable that these enormous 
•supplies of raw materials should be allowed to be wasted. The 
military value of constant supplies of leather may very easily be 
one of the determining factors in a war, for no army can fight without 
boots and harness, and the wastage in the field is enormous. 
The market formerly offered to India by the Central Powers was 
therefore largely replaced by England and her Allies, and large 
quantities of hides are now being exported for their armies. Already, 
however, it is said that England cannot tan the supply of hides 
which is being sent out of this country, and India is being asked 
to extend tanning in this country. The cutting off of the Central 
European markets has made this a practical necessity, and already 
private and public enterprise is meeting the necessity. 

It is impossible to make any territorial division in dealing with 
the industries of this side of India. The centre of development 
is Calcutta. The large business firms have the^ headquarters 
here and the influence of Calcutta as a market, a port, and a clearing- 
house for ideas and schemes for development extends over the 
provinces of Bihar and Orissa, and Assam, as well as over Bengal. 
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The schemes mentioned below in some cases are being worked out 
in Bihar and Orissa and Assam as well as in Bengal. The reason is 
obvious. Bengal itself contains few natural resources, and its in- 
dustries depend very largely on the great mineral deposits w'hich 
•exist all along its border in Hazaribagh, Falamau, Singhbhum, 
Manbhum, and the Feudatory States of Orissa and Chota Nagporc. 
It is therefore impossible to separate the subject territorially. 

The present industrial development has already effected a great 
deal. The air is full of new schemes and the country of new enterprises, 
which are being rapidly developed to supply its wants. Public opinion 
is veering round from its former indifference or satisfaction to a dis- 
•content which means to see that India is in future self-support- 
ing and that its commerce, trade, and industries shall no longer be 
dependent on external supplies. The material effects of these great 
nauses can be traced in every industry in Bengal. 

iln 1913-14 the weight of the raw hides exported from Bengal 

was, as has been said, 1,302,490 maunds. 

Hides and tanning. exported was 

13,153 maunds. It would not be supposed from these figures 
that Bengal had an inexhaustible supply of both vegetable and 
•ohemical tanning materials and that one of the first tanneries 
in India (John Teil & Co.) was originally established in 
Calcutta. It was argued that the water of Calcutta was not suitable 
iox tanning, that tanning material could not be obtained, that the 
•climate made tanning impossible. All these and other reasons were 
j)ut forward as causes for the apathy displayed towards this very 
important industry. As a direct result of the war these assertions 
3iave been examined both by private enterprise and by Government. 
The water has been analysed and found quite suitable, as indeed the 
•experience of the small tanneries which already existed had proved. 

New processes of chemical tannage are being examined. There 
.are alreaify two chrome tanneries in Bengal, the Berhampore Tannery 
-and the National Tannery. One tannery in Calcutta (the National 
Tannery) is already making its own chromate salts from the raw 
•ore obtained from mines in the Singhbhum district. In Calcutta 
Messrs. Graham & Co. are considering the possibilities of a new 
jprocess which will greatly shorten the period of tanning. 

In the manufacture of leather goods there has also been great 
development. The demands from the jute 
mills lor the leather articles which they require 


leather manufactures. 
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have helped to produce this. Eaw hide pickers are being made? 
by Messrs. Graham & Co., and the Berhampore Tannery (Chari &• 
Co.). EoUer skins, picking bands and picking straps are being 
made by the Berhampore Tannery, the National Tannery and other 
tanneries. Leather belting is being made by the Albion Tannery, and 
proposals for the establishment of a factory for its manufacture 
have been taken up by another Calcutta firm. The mills have 
themselves discovered that country leather will serve for many 
purposes for which formerly imported leather was used. Leather 
on edge rollers have been made successfully and most of the milla 
are now using rollers with country leather laid on flat. 

Very large quantities of leather are required* for the army 
for harness and saddlery equipment, boots, and the munda shoes, 
which are used by the followers. There is also a large and constant 
demand for half tanned leather from the War Office in England. 
This trade in Bengal has now got a fair start and is fairly well organ- 
ised. Previously most of the tanning done was in small tanneries- 
which worked on insufficient capital. The tanners were therefore 
strongly tempted to remove the hides from the tanning pits before 
they were prpperly tanned, in order to turn over their capital more 
rapidly. The result was that the tanning in Calcutta was inferior. 
The standard has now been raised and a very large amount of 
capital has been brought into the business by the large firms who 
have taken it up. Messrs. Sassoon & Co., and Messrs. Graham & 
Co. have constructed new tanneries, the total output of whichy 
when they are in full swing, will be approximately 50,000 hides a 
month. Two existing tanneries have been taken over by Messrs, 
Bird & Co., and Messrs. Grace Bros., respectively, and are being 
re-constructed. 

In order to assist and guide this new industry the Government 
of Bengal have approved a scheme for the institution of a Eesearch 
Tannery in Calcutta. The scheme has now been worked out in 
detail. A site has been selected and has been acquired, and the 
buildings are practically completed. An Indian student who has 
been doing special research work in England has been appomted as 
chemist. The special programme of work which has been laid down 
for the tannery is : — - ✓ 

(1) to investigate local tan stuffs and their value; 

(2) to investigate the possibility of cultivating tarwadL^ hafWQ 

and any other tan stuffs in this province ;* 
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(3) to investigate sole leath^ tannages ; 

(4) to airange for a clear statement and classification of the 

Indian hides coming into the Calcutta market ; 

(5) to experiment with chemical tannages. 

Apart from the machinery used, which is almost entirely imported, 
^ ^ ^ ^ "the tea mduetry also depends very largely on 

tea chests, machinery, imported consumahle stores. The total number 
tools, etc. of tea chests required for the Indian 

crop is between three and four millions. Of this number not more 
than one and a half million were, before the war, manufactured in the 
country. The chief reason for this was that exporters greatly 
preferred the patent chests either of three-ply wood (as the Venesta 
and Acme chests), or of metal (as the Metallite chest), because 
these chests weighed less, were more easily closed, and would hold 
more tea. With high freight the advantage of a light box is obvious 
and the big Eussian buyers would not export except in patent chests. 
High railway freights, also, were against the Indian saw mills competing 
successfully with Japan and other countries in the supply of ordinary 
wood chests, and, except in Assam, where local boxes were largely 
used, the possibilities of an Indian supply had been hardly examined. 
The timber required for tea chests is of a very special kind. It must 
contain no sap which would corrode the lead in which the tea is packed, 
must be free from any odour, as tea will take this up readily, and 
must be well seasoned, as the tea is usually hot when packed and 
unseasoned wood warps. An examination of the question has 
shown, however, that suitable timber exists in India in large quantities 
and that it is only necessary to put the producer and consumer 
in touch with one another to secure its acceptance. In addition, 
the demand for patent tea chests will inevitably drive this country 
to establish three-ply factories for the manufacture of these. Messrs. 
Bird & Co. have already established a three-ply factory in the 
Surma Valley in Assam, and Messrs. Davenport & Co. have obtained 
a concession in the forests of Northern Bengal with the object of 
supplying the demand for three-ply tea chests in this province. ‘ With 
this project this firm is associating a lead rolling mUl. 

Other needs of the industry are abeady pressing on the Indian 
producer. Tea lead is required for packing. This is already pro- 
duced in Bengal (the Kamarhatty Lead Mills) and also in Ceylon, 
from Burmese lead, but the supply is not sufficient for the entire 
Indian crop and other proposals have been put forward for the 
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establishment of new mills which will make India entirely self-sup- 
porting in this respect. 

The tools and implements required by the tea industry are also 
now being manufactured in India. The attention of Government was 
first directed to the manufacture of pruning knives. Very large 
quantities of these are used by the -tea industry amounting, it is com- 
puted, to about two lakhs a year. In a very short time the manu- 
facture of these from English steel was taken up in India and Messrs. 
Skippers & Co., and other firms are now making good knives in 
this province. Pruning knives are also being made by Aspinwall 
& Co., in Southern India, Johnson & Co., of Aligarh and by local 
blacksmiths and manufacturers in Darjeeling, Manbhum, and 
Shillong. Some of these local products are quite satisfactory and 
the makers do a fairly large local trade in them. One of the chief 
■difficulties is the supply of steel. The knives can be made but 
there is a great shortage of suitable steel and makers are experiencing 
difficulty in obtaining supplies. It has, however, been ascertained 
that the Tata Iron and Steel Works can produce steel of the quality 
required. The first knife made from their steel was produced by 
Butto Kristo Paul & Co., Calcutta, and as a result of the experiment 
Tatas have offered to supply steel of the quality required. Firms 
are also taking up the manufacture of the hoes, digging forks, 
kodaks, etc., required by the tea industry. 

The only other plant required by the industry is the machinery 
-actually used in the manufacture of tea. With very few exceptions 
this has never been made in the country. Messrs. Marshall & 
■Sons of Gainsborough, England, have now however decided to 
establish a branch in India, where they propose to make and repair 
most of the machinery required by the industry. The machinery used 
in the manufacture of tea is very intricate and can probably 
•only be made by a firm that has always made a speciality of 
it. In addition to this, many engineering firms are now repairing 
tea machinery or making spare parts which have never before been 
made in this country. 


In the engineering industry there has naturally been great 
development. One of the chief objects of 
enforcing the pnonty procedure was to save 
skilled labour in the United Bangdom, so that it might be concen- 
trated on work essential to the war. As a result, India has been 
thrown more and more upon her own resources. Machinery which 
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formerly would have been discarded has been repaired and kept 
in work owing to the impossibility of obtaining replacements. 
Machines have been made in India which have never been made 
here before, as it is now impossible to obtain them elsewhere. 
Further, the constant demands made upon India by the armies 
in Mesopotamia and East AMca for munitions of every kind, 
from shells to rivets, bolts and nuts, have stimulated mechanical 
production very greatly and much ingenuity has been displayed 
in meeting these demands. 

There has also been much direct development due to civil demands 
for materials and machinery which formerly were obtained from 
external sources of supply. Galvanising on a fairly large scale 
is now being done by P. N. Dutt & Co., and by the Indian Galvanising 
Company (Heatly & Gresham). Both these works existed before the 
war, but have developed greatly as the result of the demand for such 
galvanised articles as were formerly imported. Kilbum &; Co., and. 
Heatly & Gresham are installing plants for the manufacture of 
enamelled iron ware in India. Heatly & Gresham have also estab- 
lished a workshop for the manufacture of the vacuum brake 
material required by Indian Eailways. Electrical and medical 
porcelain is being made at the Calcutta Pottery Works at Tangra. 
These works are now working practically at full pressure and most- 
of their output is taken up by direct war orders. Messrs. Balmer, 
Lawrie & Co. are ' starting a workshop for the manufacture and 
repair of all classes of electrical machinery. Messrs. J. C. Bannerjee, 
J. C. Galstaun, McLeod & Co., and other firms are importing plants 
for the manufacture of bolts, nuts and rivets. 

In the jute industry practically all the consumable stores and 
all the machinery were, before the war, imported from the United' 
Kingdom. Bobbins, plane tree rollers, pickers, roller skins, belting, 
porcelain thread guides, etc., all came from England. Careful 
examination has shown that all these stores and many others can 
be successfully produced in this country, and they are now being* 
produced successfully on a commercial scale. Bobbins of excellent* 
quality are made by A. T. Mukherjee, while plane tree rollers have, 
been made by Davenport k Co.’s saw mills in the south of India. 
Porcelain guides are made by the Calcutta Pottery Works. 

One of the largest makers of textile machinery in the United! 
Kingdom is considering a scheme for the establishment of a branch 
works in India for the manufacture of textile and especially jute 
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machinery. Messrs. McLeod & Go., at the Britannia Engineering 
Works, in addition to the manufacture of spare parts for jute and 
cotton mill machinery, have now obtained a complete plant for 
making spindles and flyers by the latest and most approved methods. 
They also do fine iron-and brass castings such as have hitherto been 
imported from England, and manufacture of malleable castings. 
McLeod & Co. are also considering a scheme for the manufac- 
ture of agricultural implements in India from Indian steel. All these 
industries are at present handicapped by the shortage of pig iron for 
ordinary industrial purposes and also by the restriction on the im- 
port of suitable machinery for new developments. 

The Angus Co. has set up a very large mechanical workshop 
where they hope ultimately to be able to make all classes of jute mill 
machinery and all the consumable stores which are at present im- 
ported from England. Owing to the American capital invested 
in this company, it has been able to obtain large supplies of 
machine tools of the latest type from America and expe^ super- 
vision for the proposed new works from the same country as well 
as supplies of raw material. The works are at present engaged 
in the manufacture of machine tools which they wiU themselves 
require, among which may be mentioned a seven-foot centre lathe. 

The Bengal Brass Company manufactures all classes of brass 
and gun-metal work. This firm proposes to import a complete 
wire-drawing plant. 

John King & Co. have made the following articles which were 
formerly imported : — Baling press complete with pumps working 
at a pressure of 2 tons per square inch as used in the jute mills, 
colliery coal-tub wheels, large double crank sohd forged crank 
shafts, milling machines, lathes of all sizes, rag and milling machines 
for cloth, steam hammers, winding engines, and drying machines 
for roping. This firm is also experimenting in the manufacture 
of emery or carborundum grinding wheels. The workshops attached 
to the jute mills are also now manufacturing many articles which 
were formerly imported. 

The urgent need for iron and steel in England, Erance and America 
for ship-building and to make good the wastage of modem war, 
at a very early stage, largely deprived India of external supplies of 
iron and steel. India was thrown on its own resources which are 
still insufficient to meet its demands. As a result it was necessary 
to organize the iron and steel trade to meet demands. The Tata 
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Iron & Steel Co. have undertaken very large extensions (see page 401). 
The Bengal Iron and Steel Company also propose to take up the 
manufacture of steel after the war at Kulti and, a more recent 
company, the Indian Iron and Steel Co. (Bum & Co., Managing 
Agents), will make pig iron and steel at Asansol. 

There has also been much development in the manufacture of 
chemicals on the Hooghly in the neighbourhood of Calcutta, largely 
as a direct result of the war. Messrs. Andrew Yule & Co. have started 
the Great Indian Phosphate Co. and the Magadi Soda Co., for whom 
they are agents, have established large works at Budge Budge with 
a view to manufacture caustic soda from sodium carbonate imported 
from East Africa. Messrs. D. Waldie & Co. and the Lister Antiseptic 
Dressing Co. are distilling coal tar on a small scale. The Bengal 
Chemical and Pharmaceutical Works are making thymol from ajwan 
seed, refined saltpetre from the crude product of the Bihar factories 
and potassium carbonate from the same raw material, and surgical 
dressings. They are also at present manufacturing fire extinguishers. 
Messrs. Smith, Stanistreet & Co. have added largely to the num- 
ber of locally made drugs and medicines, and the North-West Soap 
Co. is in a position to supply concentrated commercial glycerine, 
carbonate of potash and caustic soda. Messrs. Andrew Yule & Co. 
have installed a plant for the extraction of salt on a large scale. 
Deyelopment in the chemical industries is greatly retarded in many 
directions by the restrictions placed on the import of machinery 
and plant. The rise in the price of heavy chemicals and the 
difficulty in procuring the services of competent experts operate 
in the same direction and also' preclude industries such 
.as paper making, which were established long before the war, 
from taking all the advantage of the situation created by the 

war. 

Another line of development is the manufacture of fire 

bricks and silica bricks. Supplies from abroad having been cut 
o£E, the maintenance of the steel and iron furnaces was imperilled 
and it was immediately necessary to organke the manufacture 
of the bricks required for the furnaces in this country. Fire 
bricks are now being made in very large quantities by Messrs. 
Andrew Yule, Messrs. Bird & Co., at Kumardhubi and by 
Messrs. Bum & Co. The entire output has been taken up by 

the Tata Iron and Steel Works for the maintenance of their 

furnaces. 
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In Bengal^ attempts have been made to organise the hand-weavers. 
^ and for the manufacture of dosuti for tents, and 

tapes and khaki webbing are being manufactured 
by hand on a large scale in Calcutta and its neighbourhood, Howrah. 
Hooghly, Nadia and Bankura, Buttons are also being made for 
the army by the Home Industries Association and by other firms* 
Experiments are also being made in consultation with the Govern- 
ment Fibre Expert as to the use of smin hemp as a substitute 
for flax, of which there is now a great shortage (see page 366.) 
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Industrial Development in the Madras Presidency. 

By C. a. Innbs, I.C.S., 

DvrecLor of Industries, Madras, 

Before the war the chief imports into the Madias Presidenc 7 
were almost entirely manufactured goods, and the chief exports 
consisted mainly of raw materials. Natural handicaps were largely 
responsible for this state of affairs, and it is not surprising that the 
past four years have not been marked by the development of new 
industries on the same scale as in Bengal. But the effect of the 
war has been fe"t in many ways. Generally speaking, it has tended 
to make the Piesidency more self-supporting and less dependent 
on the United Kingdom, and while it has arrested temporarily 
the development of some industries, it has opened up new possibilities 
and has diverted energy into new channels. 

Before the war the most important industry in the Madras 
Presidency, judged by the test of export trade> 
tanning of hides and skins. The latter 
branch of the trade was exceptionally prosperous 
in the first two years of the war, and the high prices ruling for skins 
in England, the United States of America and Japan, led to a ^arge 
increase in exports. But ovring to the necessity of conserving bark 
for the tanning of hides required for the purposes of the War Office, 
it was found necessary to prohibit the tanning of skins in April 1917, 
and the tanneries are now either idle or are employed in the produc- 
tion of the rough tanned cow hides known as East India kips, which 
are in great demand for use in the manufacture of army boots. 
The development of this branch of the Madras tanning industry 
is dealt wititi in detail in another part of this volume,* and need not 
be referred to at length here. But it may be mentioned that not 
only has the production of kips been greatly increased, but the 
quality of the leather has been immensely improved by the control 
exercised by the Indian Munitions Board over the tanneries and 
by the prohibition of the pernicious practices of adulteration and 


* Seepage 160. 
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Tanning barks. 


excessive greasing. All branches of the trade are agreed that the 
prohibition of adulteration should be continued after the war, 
and the Government of Madras are now considering what measures 
should be taken to secure this end. 

The great increase in the output of kips and skins in the first 
two years of the war led to an acute shortage 
of tanning bark, and steps have been taken 
not only to encourage the cultivation of avaram {Cassia auriculata), 
the tanstuff most commonly used in the Madras Presidency, but 
also to popularise the use of other tanning barks. Mr. Pilgrim, the 
Tannin E 2 cpert to the Government of India, toured in the Presidency 
in 1917 in order to investigate its resources in tanning materials, 
■and on his advice a series of experiments with new tanstuff s, either by 
themselves or in different mixtures, was instituted at the Leather Trade 
School. Many of these experiments have been very successful, and as 
the result of them, the twig and trunk bark of Anogeissus latifolia and 
wattle bark have been issued to tanners by the Controller of Tanstuff s. 

The demand for leather accoutrements for the army and for 
certain classes of leather goods previously 
imported from home has also stimulated the 
production of finished leather in Madras. In addition to the 
Chrome Leather Company, two new leather firms, the Madras Leather 
Go., Ltd., and the South Indian Leather Co. have come into exist&ce, 
since the war began, and gloves, leather waistcoats, bandolier 
pockets, harness and other items of military equipment are made in large 
quantities, as well as roller skins, leather belting and picking bands. 

Most of the Madras weaving mills have been pressed into service 
for the supply of cloth required by the troops. 

The weaving Indus- The Buckingham and Carnatic Mills rendered 
try ; Buckingham and ,, ^ ^ ^ .lt.- x- 

Carnatic mills. the most important service in this connection, 

and used to supply monthly, approximately, the 

following quantities of materials : — 


Finished leather. 


Khaki drill 
Elhaki pagri cloth 
Boosootie (for tents) . 

Canvas duck (for nose bags, etc.) 
Cotton holland (for Lning) . 
Khaki tape 2* . 

Khaki webbing (for rifle slings) 

^ Cord for identity discs 


1,500,000 yards. 

250,000 

90.000 

40.000 

30.000 

50.000 

25.000 
1,200 lbs 


In order to obtain these results^ however, the mills have had 
'to provide substitutes for many essentials which hitherto they 
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have imported, and their record in this respect is an interesting 
example of the effect which the war has had in tending to make 
Indian industrial concems less dependent on Europe. For the 
dyeing of fast khak^ for instance, chrome alum is necessary, and 
before the war this chemical was imported from Germany. On 
the outbreak of war, the mills thrown on their resources made chrome 
alum for themselves from bichromate of soda, and have also experi- 
mented in the manufacture of bichromate of soda. An experi- 
mental furnace has been erected, and attempts have been made 
to convert chromite, which is a mixture of chromium and iron 
oxides, first into sodium bichromate and then into chrome alum. 
Promising results have been obtained, but the matter is still in the 
experimental stage. Turkey red oil, which was formerly imported 
from the United Kingdom, is now made in the mills from indi- 
genous castor oil and Indian-made sulphuric acid. Similarly the 
tarpaulins used for packing bales of cloth, which formerly were 
imported, are now made at the mills from Indian hessian cloths 
on a machine designed and built in the mill workshops. Machinery 
for dyeing khaki, rifle slings and tape has also been designed 
and made in the workshops as also webbing looms. Since the 
war started, it has been necessary to store large quantities of 
sulphuric add in lead-lined tanks, and the mills now do their own 
autogenous soldering of the lead joints which formerly could be 
done only by European experts. Many other articles which formerly 
were imported are now made in the mill workshops, such as frames 
for healds, set screws, bolts and nuts, shoe rivets for bating, weft 
Jork holders, box end spring bits and temple heads, all for looms, 
doffing cans, weft cans and oil cans, woven motor starter resistances, 
3 pole switch gear in interlocked C. 1. case and armature coils for 
1). C. motors. Picking sticks, staves and lease rods, shuttle pins, 
warpers creel pegs, dobby lattices and other wooden articles previ- 
ously imported are now made from local timbers. One of the most 
interesting developments has b^n thread making. Owing to the 
demands of the Army Clothing Department at one stage of the 
war for locally-made thread, extensive experiments were made 
to produce thread from Indian cotton. Yam had to be doubled, 
polished, singed and spliced instead of knotted, and spooled. The 
necessary machinery had to be converted or made, and much 
resource and ingenuity were necessary before thread could be made. 
But eventually 3,600 lbs. of thread were supplied monthly to the army 

c2 



so 


Indian Munitions Board Handbook. 


Tent factory. 


Another result of the war has been the organisation by Messrs* 
Chettle & Holt, Ltd., of a tent factory and a 
tape and webbing factory. In the latter factory 
hand looms only are employed. 

Most of the engineering workshops in Madras have been 
improved in order to manufacture machinery 
workshops. machinery parts which formerly were im- 

ported. Messrs. Massey & Co. have undertaken 
the manufacture of stocks and dies and screwing tackle generally, 
and are installing di'op stamps in order to manufacture horse shoes 
on a large scale for the army. At the Madras Engineering 
Works all the iron bedsteads required for the hospital ship Madras 
were made, and they have also made much sugarcane crushing 
machinery for the East India Distilleries and Sugar Factories, Ltd. 
They are now turning out screw-cutting lathes. The Indian 
Aluminium Company, owing to the impossibility of obtaining 
aluminium sheets and circles, has turned to other metals and is 
manufacturi g galvanised iron water bottles, brass cooking sets 
and gun cotton cases for the army. A new company, the Metal 
Fittings Manufacturing Company, Limited, has been formed for 
the manufacture of buckles, shackles, swivels and other metal 
fittings required by the Ordnance Department. Messrs. George 
Brunton and Sons of Cochin, who have made for some years past 
oil engines for draining the submerged paddy lands in Cochin 
State, have developed their works in many directions. Since the 
war began, they have supplied to customers all over India more 
than 30 different types of cylinders for motor cars, motor omnibuses 
and marine engines, and their success in casting cylinders and other 
parts of internal combustion engines led them on to building the 
whole motor. The first motor built proved equal in ejB&ciency to 
the imported engine it replaced, and as soon as machine tools are 
available, the firm is prepared to manufacture motors on a large 
scale. Machinery for brick and tile works has also been built, 
and satisfactory results are reported to have been obtained from a 
suction gas plant producer constructed of reinforced concrete 
instead of the usual rivetted steel plates. Hydraulic pumps for 

a coir yam press are also being made. The Madras Electric 

Supply Corporation and the Madras Electric Tramways, Ltd. 
were thrown largely on their own resources and were compelled to 
make for themselves many articles which formerly they procured 
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from the United Kingdom. Among such articles may he mentioned 
cement transmission posts, transformer tanks, machine and dis- 
tributor switch panels, Bastian meter boxes, house service cut- 
outs, exciter field coils for rotary convertors, car pinions, overhead 
cars, section insulators and trolley wheels, bushes and heads. 
Among other new developments may be mentioned the manufac- 
ture of pruning knives and other estate tools by Messrs. Aspinwall 
& Co. of Cochin and the manufacture of looms and loom parts by 
Messrs. Best & Co., while most of the iron rounds and flats now 

used in the Presidency are obtained from the rolling mills of Messrs. 

G udert & Co. at Pondicherry. 

The Madras Presidency is very rich in oil seeds of all kinds, but 
so far it has been content with a lucrative 

****^*^ export trade in the raw material. But there are 

indications of a change in this respect. The 
Government Experimental Soap Factory at Calicut on the west coast 
has been remarkably successful, and it is probable that after the 
war there will be a considerable development of soap making in 
Southern India. Messrs. Tata Sons, Ltd., have already floated a 
company which will establish a large modern copra crushing mill on 
the west coast and will also, it is believed, take up the allied 
industries of soap making and the manufacture of edible oils and 
fats. Messrs. Best & Co. are already refining cocoanut oil at 
Pondicherry, and the resultant product, under the name of cocoatine, 
has practically displaced the use of ghi in European households 
in Madras. The shortage not only of imported lubricating oils 
but also of castor oil is likely to lead in the near future to the manu- 
facture in Travancore of a lubricating mixture from various indi- 
genous vegetable oils and fats. 

The chemical works of the East India Distilleries and Sugar 
Factories, Ltd., at Ranipet, have developed in 
trie^*^^****^**^* hidtts- n^any directions. The output of sulphuric acid 
and hydrochloric acid has nearly been trebled 
since the war began, and in addition the company is now manufac- 
turing on a commercial scale nitric acid, epsom salts, green 
copperas, disinfecting fluids and ink. Experiments are also being 
made with ink tablets, and the manufacture of stoneware goods 
for electrical purposes is being investigated. At its sugar factories 
at Nellikuppam the same company has begun manufacturing golden 
syrup on a large scale. The paper mill at Punalur in Travancore, 
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wMch fox so yeaxs had struggled against adversity, has profited by 
the opportunity afforded by the war. With the help of the 
Department of Industries, its machinery has been put in order, 
and it is now making brown paper from bamboo pulp. The 
making of pencils has been successfully demonstrated in Madras 
by the Department of Industries, and the factory has now been 
sold to a private syndicate. Besides making pencils of all kinds, 
the factory is turning out copying ink and has experimented with 
the manufacture of carbon brushes. The manufacture of glue 
from tannery fleshings has also been taken up by a private firm 
assisted by the Department of Industries, and promising results 
have been attained. 

Two other developments remain to be noticed. In 1917 owing to 

... , . tonnage difficulties there was a serious shoiliage 

Salt nunufacture. • ■ . ^ - t. i ^ x 

of imported salt in Bengal and owing to a 

succession of bad years, stocks both in Madras and Bombay were 

greatly depleted. The Northern India Salt Revenue Department 

had also sold salt far ahead of their stocks, and a crisis arose. 

Gambling b^an in the salt market, and a big rise in prices followed. 

Everything possible was done in Madras to increase the output of 

salt, and by opening new areas and increasing the areas under 

cultivation in existing factories, the total cultivated ai-ea was 

increased from 11,865 acres in March 1916 to 20,000 acres in 1918. 

In. the season which has just closed the outturn of salt was 158 

lakhs of maunds or 26 lakdis more than in any previous season. The 

Salt Department, moreover, is endeavouring to take advantage of 

the present state of affairs to secure a permanent market for Madras 

salt in Bengal and to oust the imported foreign article. Bengal 


wants a pure clean salt, and the Department is endeavouring to 
introduce an improved process which will result in producing a salt 
suitable for the Calcutta market. A concession has been granted to 
a Calcutta firm to work a large factory of nearly 2,000 acres in 
the Ganjam district for the iwply of salt exclusively to Bengal. 

The war has also led to re^val of the building of wooden 


Shipbuilding. 


sailing vessels for the coasting trade. These 
vessels have been built in considerable numbers 


at Calicut, Cochin, and Alleppey on the west coast and at Cocanada 
and Masulipatam on the east coast. At Cochin, the firm of Messrs, 
Bmnton &; Sons, which for some time past has been making motor 
launches, is now building a large motor cargo vessel for an Aden firm. 
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Industrial Expansion in Bombay Presidency. 

By P. J. Mead, I.C.S., 

Director of Industries, Bombay. 

Bombay Presidency is mainly recognised in tbe industrial world 
as n centre of textile manufactures, and the big 

trialdevekpment.*"**"** *=”**«“ Bombay, Ahmedabad, and Sho’a' 

jmr, have prospered exceedingly during these 
months of war, and have also contributed their quota of textiles 
required for tho troops. As an industry, cotton sp'nning and 
weaving has, from the point of view of the Indian, been mainly a 
commercial ventirro, the actual processes being almost entirely 
carried out under skilled Western direction. The Indian has shown 
managing ability in varying degrees, but on the whole a consider- 
able measure of prosperity has been achieved and profits have 
indeed in many years been so easily won that the mi l industry 
has absorbed to a very largo extent all the business enterprise and 
capital available. The Swatieshi movement which started in 1906 
and passed, through various phases, from a sentimental boycott 
of all European-made articles to reasonable aspirations towards 
industrial training and enterprise, first took shape in this Presi- 
dency in the Talegaon Glass Works where under Japanese supervi- 
sion young b(^ wore given an industrial education, and a succession 
of fairly trained glass blowers have since been distributed all over 
India. Various other small industrial ventures have been mostly 
organised and to a large extent manned by Brahmans, who show 
themselves quick at absorbing new ideas, but somewhat volatile 
in their rapid changes from one industrial process to another. Thus, 
in one factory the manufacture of matches was first undertaken; 
the inanager next transferred his allegiance to slate pendfis 
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and finally wound up with experiments in tile making. Consider- 
able sums, generally borrowed from friends at a fairly moderate 
rate of interest, have been frittered away in these ventures, often 
undertaken after the briefest and most superficial examination 
of the sources of raw products required, and with only a slight 
acquaintance with the processes involved. The factories in many 
cases have been erected in pleasant climates close to the promoters’ 
homes, without regard to markets or supplies. One prevalent idea 
underlying many of these ventures is not in itself unsound and 
may bear useful fruit. There is a good deal of altruism in these 
Brahman mdustrial ventures and, in contrast perhaps to the some- 
what cynical disregard of their labourers’ welfare which strikes 
the eye in Bombay City, the Wadi or industrial garden city has 
found favour with several up-coimtry industrialists. The result tends 
to be a contented labour force and excellent prospects of useful 
recruitment among the younger generation springing up in these 
areas. Allegiance to the work in which they have been trained 
and brought up has not, however, proved sufiGLciently strong in 
the case of certain glass works in the Deccan to compete with the 
temptation of higher wages offered in Bombay City, though pro- 
bably it has helped considerably. 

Setting aside cotton, the exports of manufactured goods are 
still almost infinitesimal as compared with the raw products, but 
there have been considerable increases in the exports of castor, 
groundnut, and sesamum oil, and of castor and groundnut cake, 
and with improved methods of crushing, refining and probably 
hydrogenating the final product, there must be great scope for an 
extension of all these oil-seed industries. Some progress has already 
been made in respect of the groundnut, and the following brief 
note by Mr. Mackenzie Wallis shows what has been done in respect 
of the new flour, which has been christened ‘ Nutr^mine.’ 

“ Nutramine represents a standard flour prepared from the 
Ntttramine groundnut (peanut, earth-nut, mungphali) after 

the greater part of the groundnut oil (Arachis 
oil I has been expressed. This flour is of high nutritive value on 
account of its protein content, and can be made up into palatable 
biscuits and bread. The advantage of preparing Nutramine to the 
oil-mill owner is that not only does he obtain a clean cake selling 
at a good price, but the quality of his oil is improved without 
the necessity of a large outlay of capital for additional machinery. 
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The chief details in the process as worked out in Bombay are as 
follows : — 

(1) The decorticated nuts require to be washed free from dirti 

grit, stones, and foreign bodies. 

(2) The inner red skin must be removed as completely as 

possible by breaking the decorticated nut and blowing 
away the skin by means of a blast of hot air. 

(3) The Arachis oil must be expressed in the cold in a hydraulic 

press or expeller. Using these clean white se^ the 
resulting oil is quite clear, possesses a pleasant taste, 
and further^ has good keeping qualities. 

(4) The groundnut cake still contains oil, and this is removed 

by further expression after the cake has been warmed 
preferably out of contact with steam. 

(6) The resulting cake now contains from 6 to 8 per cent, 
of oil, and is ground to a fine flour and sieved. Both 
the fine flour and the* uncrushed fragments may be 
used for biscuit making. The flour constitutes the new 
preparation known as Hutramine. 

The adoption of this flour as a food can be urged both on scientiflc 
and economic grounds. The biscuits made from this flour have 
proved an unqualified success, and the whole industry promises 
well. At present an attempt is being made to foster this industry 
in the Bombay Presidency, and investigations are in progress to 
effect improvements in machinery, and in the purity of finer 
products. Having established this groundnut oil industry on a 
sound scientific and commercial basis, attempts will be made to 
improve other forms of v^etable oils and oilseed cakes.’’ 

The dairy industry has also been given a considerable fillip by 
Casein prices obtainable for casein. In 

* 1913-14, 3,600 odd cwt. were exported mainly 

to Germany. In 1914-16, Germany was still our biggest customer, 
but Italy and the United Eongdom were beginning to be interested. 
In 1916-16, nearly 4,000 cwt. went to the United Kingdom alone, 
and America stepped in and took over 6,000 cwt. In 1916-17, nearly 
18,000 cwt. went to the United Kingdom, and about 7,000 to the 
United States, the total value of the exports being about lOj^ lakhs 
of rupees. The original works were set up by a German chemist 
in Gujarat, who was not very successful with buffalo milk, and 
is said to have explained to his agents that satis&>ctory results 
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could nevei be obtained with tbe product of the local bufEalo. In 
this he has been proved wrong, but he displayed at least considerable 
ingenuity in persuading the local managers of cream separators 
that casein production was covered by numerous patents, and all 
the resources of the law would be employed to discomfort any rash 
person who tried to compete. Since then, casein is made by crude 
mctho"ds in very many Gujarat villages and by the plant left behind by 
the ingenious Teuton under the supervision of an English firm. The 
possibilities of casein manufacture are shortly summarised below : — 
Casein is one of the products derived from milk, and associated 
therefore with the dairy trade. The milk is first treated in a 
separator, and the cream which separates is used for butter makings 
The milk is now known as separated milk, and this when treated 
with acids or rennet yields the so-called curds from which casein 
is obtained. The curds require to be thoroughly washed to get 
rid of the milk sugar or lactose, and subsequent purification by 
solution in an alkali like bicarbonate of soda, reprecipitation by acids,, 
and finally washing and drying of the precipitate. The process 
of manufacture of casein as at present carried out in the Bombay 
Presidency is very crude, and the resulting product is of very little 
value for most industrial purposes. Investigations are in progress 
to improve this casein. For the production of a good quality 
casein, special machinery is required, and above all scrupulous 
cleanliness in all the stages of manufacture. There is reason to* 
believe, however, that the production of Indian casein can be 
considerably improved, and thus also the quality and quantity of 
the fi.nished product. That there is scope for a large industry in 
milk products is evident from an examination of the dairying areas 
in the Bombay Presidency. Further, if we consider the almost 
unlimited technical application of casein, we shall see that it is an 
industry worth encouraging. 

Casein enters as the principal constituent of a large variety of 
paints which retain their colours, and also efEectually resist climatic 
influences. A number of casein paints are already on the market, 
but the whole question requires a thorough scientific investigation,, 
and the same applies to the present status of industrial casein. 
Casein is also used as an adhesive and cement, and in this connexion* 
it may be mentioned that a good glue has already been prepared! 
by a firm in Bombay. Plastic masses made from good casein have 
been extensively employed in Europe as a substitute for horn^ 
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ivory, celluloid, etc., and in this alone the application of casein haS' 
unlimited possibilities. Again it has been employed in the tesi}ile 
industry as a dressing and colour fixing medium, and promises tO' 
supply a long felt want in the cotton industry of the Bombay 
Presidency. Finally, casein in a pure form has an extensive fi.eldl 
in the domain of foodstufEs, especially for infants and invalids. 

The casein at present produced in the Bombay Presidency cani 
be used for the manufacture of an adhesive and for rough paints- 
and distempers, but for other purposes a much purer technical 
casein is required.’’ 

Generally however it is true, as noted above, -that Bombay 
exports mostly raw products, such as sharks’" 
maws and fins, myrabolams, raw hides, raw 
hemp, oilseeds, and the like. The Munitions Board’s control of all 
tanning and the organisation of Government tanneries at DharavL 
have shown however the way to greater possibilities in the future.. 
There is plenty of the one fool-proof tan-stuflF, Cassia auriculaia 
or' the local tarwad ; and the gottSbar fruit {ZAzyphus xylopyra),. 
which has also been shown to be extremely useful in addition to* 
the local myrabolams, is found in large quantities in many districts,. 
The local dhor has plenty of manual dexterity, and, properly trained 
and under expert supervision, is capable of assisting to turn out 
high-grade products. 

But the real industrial future of Bombay is bound up with our* 

„ ^ , water-power possibilities, and the numerous. 

Hydro-electric schemes. . . f j. ■ j • i i j 

enterprises of our great industrial leader* 

Jamsetjee Tata and of the firm which he founded. AJheady from 

the Khapoli power-house at the foot of the Ghats, power is ledi 

into the city across the Thana creek at 100,000 volts and distributed 

to Bombay mills at the reasonable price of *66 of an anna per 

unit. The Andhra Valley scheme is nearing completion, and the* 

projected power available has already been allotted in anticipation. 

A third line, to complete the supply of electric energy for Bombay 

City is also under contemplation. The combination of sea-water* 

and cheap electricity is Bombay’s greatest asset ; and there are 

large possibilities in the various new electrolytic and high temperature 

processes, which are making such rapid strides to-day in America. 

But the above are not the only projects in view. A bigger scheme. 

than any of these contemplates the delivery of power by ghat-iedi 

turbines down the Batnagiri coast, and it is hoped that the extremely 
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low cost per tmit of power whioh should be possible under this last 
scheme will render possible various processes such as the making 
^of aluminium from bauxite and possibly the production of calcium 
•carbide and cyanamide. 


But while the war has hindered progress with these hydxo- 


Qlass making. 


electric schemeSj it has assisted to promote other 
industries. The Talegaon Glass Works, as noted 


above, were started in an altruistic spirit, and with little regard to 


•commercial possibilities, but during the war period they have served 
India well. Pive new glass works have started in Bombay City 


itself, where there were none before. Some of them owed their 


inception to the inability of glass dealers to obtain any wares to 
distribute, unless they made them themselves, and it is probable 
that some of them have really worked at a loss. They owe their 
comparative success in any case to the high freights and shipping 
restrictions operating against Japanese imports, and one of the 
best managed works in Bombay depends for its success on a 
-Japanese manager and a Japanese assistant as blower. But in 
spite of their mistakes and uneconomic working in many respects, 
they have undoubtedly improved the quality of their goods, and 
there are certainly four or five trained blowers in the Presidency 
where there was one before the war. There have been difficulties — 


*ooal supplies have naturally been irregular, cheap crates are no 
longer obtainable, and the competition for trained blowers was 
unsettling for labour. But these difficulties will disappear, and 
it is possible that the industry may in some form persist even after 
the war, when there is a fair field for all. At present the Bombay 


■factories have not progressed beyond Japanese direct-fired pot 
furnaces, and the Japanese crucibles which they • use at present 
are both expensive and bad. White sand for lampware is still 
■obtained from Allahabad at most factories, but there are indica- 


tions that satisfactory nearer sources of supply can be found; 
and with an extension of our investigations into pottery possi- 
bilities, it should be possible to get fire clay and to m^e fire bricks, 
and possibly crucibles, locally. The main difficulty as regards 
the high price of fuel will always remain in Bombay, but experi- 
ments have been made with crude oil which appear to be promising. 
Improvements in furnace construction are certainly most important, 
and commercial success must depend in a large measure on consi- 
•derable economies in firing. 
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Unlike Calcutta, there are few British firms in Bombay, which 
take any lead in industrial enterprise. Local’ 
Cornpan”*”"*'^*”**** engineering works are of course handicapped' 
by their distance from coal and iron supplies, 
and the big agency firms have hitherto been mainly importers or 
export agents. There are signs of change, however, and mention 
must be made of the Eastern Chemical Company’s activities. With 
the cessation of hostilities, considerable extensions should be pos- 
sible, and are indeed under contemplation. 

During the war its operations have been severely handicapped 
but considerable progress has been made in several directions. The^ 
local climatic conditions have necessitated very considerable adjust- 
ments and modifications in the various plant units, but the 
company now claims to have brought its results into very close 
approximation to the efficiencies obtained in similar up-to-date 
plants in Europe. In particular, the relatively high temperature of 
India adds very considerably to the difficulties of crystallisation, 
but efforts have been made to evolve means to counteract the 
climatic disadvantages, with satisfactory results. 

A plant for the manufacture of caustic soda has been erected, 
and the plant is now producing caustic soda of a very high degree- 
of pprity in steadily increasing quantities. Owing to the very heavy 
demand for this product for imperial purposes, however, none of 
the caustic soda produced has been available for local sales. 

A very considerable amount of research work has been done- 
with a view to the utilisation of indigenous raw materials in the 
manufacture of products formerly unobtainable from other than 
foreign (to India) sources. The company has also rendered 
techffical assistance to industries not directly or indirectly, if at 
all, connected with its own operations, with the result that many 
products which were formerly imported are now manufactured’ 
successfully in India. 

The company can further claim that its products have been 
marketed in India at rates comparing very favourably with, and 
in many cases considerably lower than, the * controlled ’ prices 
of similar products in England. 

Another industry which has been brought into prominence during 
Saw miiia ^ saw-mill industry which has 

expanded considerably in the last fe'^ years, 
and may be expected to assist in the development of local forest:. 
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resources in the near future. Mackenzie's Saw Mills in Bombay, one 
'Of the largest private mills in India (exclusive of Burma), have 
been called on by Government since the outbreak of war in several 
• cases where work of urgency or of an intricate character had to be 
executed. For instance the firm has carried out all the cutting 
■of the various indigenous timbers, with which Government has been 

■ experimenting in the hope of obtaining wood suitable for aeroplane 
construction. A railway siding with large storage sheds and a 
steam crane was erected by the Indian Munitions Board to faci- 
litate the more rapid handling of aeroplane timbers. The reports 

■ on some timbers were favourable and the firm has supjrlied timbers for 
.aeroplane construction to England and Egypt. 

Lastly, it has been shown that there are ample deposits of 
suitable clays not far from Bombay City, 
which can certainly be turned to account for 
making tiles, bricks and the coarser kinds of pottery, and a 
thorough investigation of ^Dottery possibilities on a small but 

■ commercial scale is now under consideration. Small tile factories 

have been started in the Southern Maratha country round Bclgaum, 
and capital is now being invested, kilns enlarged and remodelled, 
and the standard of production improved. Transport difficulties, while 
hampering established industries, have encouraged the temporary 
establishment of new forms of industrial enterprise, and in some 
cases local manufactures will continue on a permanent 

basis, though possibly only after financial reconstruction. 
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Industrial Development in the United Provinces. 


By a. H. Silver, 

Late Director of ^ndustiies. 


The provision of munitions of war has given a strong stimuhis 


Textiles and boots. 


to various industries in the United Provinces. 
The mills and factories of Cawnpore, the indus- 


trial capital of the province, have been engaged almost entirely 
on war work. The Cawnpore Woollen Mills Co., Ltd., which is 


the largest woollen mill in India has worked continually night and 
day throughout the war, providing the many items of woollen 
requirements for army purposes ; Messrs. Cooper Allen & Co,, 
Ltd., proprietors of the Government Aimy Boot Factory, have pro- 
vided practically the whole of the boots required by the Army Depart- 
ment, and the Government Harness and Saddlery Factory has naturally 
been fully employed throughout the whole period in making harness 
and equipment. All three concerns have greatly extended their 
output to meet war conditions. 

The cotton mills of Cawnpore have been mainly engaged in meeting 
demands for aimy clothing and in the provision of large numbers of 
tents. The manufacture of tents has been carried on at other centres 


in the United Provinces also, while recently a Government tent factory 
has been established at Fatehgarh. Indeed the United Provinces may 
claim to have supplied the bulk of the tents required by 
Government. 


Very large quantities of webbing, tape and newar have been 
manufactured to the orders of the Munitions Board throughout the 
province and this has given employment to numbers of village 
artisans. The manufacture of hand-woven blankets to army specifica- 
tion has also achieved large dimensions, the chief centres being 
Muzaffarnagar, Najibabad and Bijnor, Muzaffamagar especially 
has shown the effects of the prosperity following upon the execution 


of these large orders. 
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A comparatively new line of manufacture in the shape of shoulder 
titles has been established upon a large scale 
ceHMeoiBMflciSl'*”*' “ Aligarh, while orders lor clasp knives and 
cutlery have been placed in Aligarh and Mora- 
dabad. The United Provinces have also been the chief centre for 
the manufacture of munda shoes, and large numbers of hand workers 
in the Cawnpore district have been engaged in providing these, 
smaller numbers being made in Lucknow and Gorakhpur. JThese 
and similar lines of manufactmre are concerned directly in the 
meeting of army requirements, but their manufacture has naturally 
stimulated production in allied and subsidiary industries. Thus roller 
skins used in cotton spinning are now being produced m the provinces 
in large numbers, of a quality claimed to be equal to that of imported 
roller skins. Leather belting is also being made, and arrangements 
for the manufacture of pickers (used in all textile mills) and of 
wash leathers are well advanced. 

The demand for tanned leather, not only for manufacture into 
boots and saddlery but also for export to England to^ meet War 
Office demands, has led to a great expansion of the tanning industry 
in the province and a considerable number of new tan pits have 
been laid down. An up-to-date factory for the manufacture of 
cutch (used in dyeing khaki) has been established and is in full 
working order, and the refining of tallow has achieved success. 
Large demands for leather buttons have been met and' the manu- 
facture of glue is being taken up. The manufacture of rosin and 
turpentine in the factory controlled by the Forest Department, 
is progressing, and is described in a separate article. 

Great progress has been made in the manufacture of glass 
near Allahabad, whilst a new glass works 
has been started in the Moradabad district. 
At the Allahabad glass works, Naini, a large tank furnace has been 
installed, this being the only one of its kind working in India. 

Mention must also be made of the bangle makers at Firozabadi 
Improved methods of manufacture and the introduction of new 
styles have helped to render this industry prosperous and there 
seems to he no reason why it should not be able to hold its own 
in the future against foreign imports. Austria formerly dominated 
this trade, but of late Japan has come to the fore as a serious 
competitor. 
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The provision of sodium carbonate to meet the industrial require- 

Alkali manufacture. pro’t'inces was seriously curtailed 

in the earlier stages of the war and it became 
necessary to find some special means of meeting requirements^ 
particularly those of the glass makers at Firozabadj who cater for the 
bangle trade. An experimental factory was consequently started 
by Government at Cawnpore for the purpose of manufacturing 
sodium carbonate and caustic soda from reh^ the efflorescent deposit 
on usar lands. The experiment has proved eminently successful 
as a war measure, and the plant is now producing nearly 2 tons of 
sodium carbonate a day at a price which compares favourably with the 
cost of imported soda of equal purity. Whether such a factory will 
hold its own under normal conditions has yet to he proved, but 
the existence of this experimental factory has been of great value 
during the time of scarcity. 

These brief notes are evidences to show- that the industries of 


the United Provinces have made head-way during the war period, 
and it is hoped that the ground gained during this period will be con- 
solidated as a basis for further development. 
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Industrial Development during the War in the Punjab. 

By C. a. H. Townsend, I.C.S., 

Controller of MunUions, Punjab, 

The Punjab-^ is, and must ever remain, in the main an agri- 
cultural province — of the wheat that is exported from India to 
Europe about three-quarters is generally produced in it — and for some 
years past the demand for labour for agricultural purposes has shown 
signs of outstripping the supply. When to this demand was added 
the very large call for men for the army during the war, a call to 
which the Punjab responded to a far greater extent than any other 
province, it will be realised that many of the industries of the Pro- 
vince had great difficulty in finding sufficient men to carry on their 
work during the war. Nevertheless, the Punjab has undoubtedly 
developed some of its industries very considerably during the last 
four years, as the following account will show. 

The large and well equipped New Egerton Woollen Mills, of 
Textiles Dhariwal in the Gurdaspur District, have since 

the outbreak of ^r, been entirely given up to 
army work, and have turned out TOy large quantities of woollen 
goods of all descriptions. Work has been carried on, without 
ceasing by day and night for long periods. In addition to this, 
blankets have been made in great numbers for military requirements 
at many places in the Province, the most important of them being 
Panipat, in the Kamal district. The work of the best manufacturers 
has improved steadily all the time. Ludhiana has for some years 
past made a speciality of many of the less important articles of 
military equipment, as water bottles, haversacks, puggaries, shoulder- 
badges and the like, and has turned out many thousands of these 
during the war. The manufacture of tents has received a consider- 
able impetus, and very large mambers of them have been made, 
especially at Ferozepore. Puttoo cloth and “lohis” (hill blankets) 
have also been made in largely increased numbers during the last 
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four years. Many weavers who had never worked anything else 
but cotton have learnt how to weave wool also on their looms, to 
help to satisfy the enormous demands for woollen goods of all kinds, 
and the experience thus gained cannot hut be useful to them in the 
future. 

The carpenters of the Punjab have a well merited reputation, and 

^ ^ , have justified it during the war. Very large 

Wood and metal work. j i ^ • -x 

orders for wood work, usmg the term m its 

widest sense, for military requirements have been carried out, under 

the orders of the Deputy Controller of Munitions, at many places 

in the province. The work of the contractors, many of whom were 

employed, has, as a rule, steadily improved, and they have learnt, 

under the instructions of the Deputy Controller, to make many 

articles they could never have undertaken before the war. Their 

experiences should stand them in good stead in the future. 

The same remarks apply to the blacksmiths of the province. 
Under the pressure of military demands they have learnt to make, 
and to make well, many articles they would have deemed far beyond 
their capacity four years ago. Thus, who, a few years ago, would 
have thought it possible to make an iron bedstead, complete with 
springs, in the Punjab 1 Yet many of these have been noade in the 
last year. In this connection it is interesting *to learn that, for some 
months before the war ceased, the value of the work, principally 
wood and metal work, carried out for military requirements by 
the Deputy* Controller of Munitions, was about three lakhs of 
rupees a month. 

Special mention should be made of the manufactiure of knives 
of all kinds, but especially clasp knives, for 
army requirements, carried out at Wazira- 
bad and Nizamabad, in its immediate neighbourhood. Previous to 
the war the makers of cutlery used to devote their energies to the 
manufacture of rather elaborate, but somewhat futile, pocket knives, 
for sale to passengers at the Wazirabad Railway Station. A better 
output for their energies was found, and they were turned on to 
maldug large clasp knives for army use. Of these they have made, 
altogether by hand labour, between thirty and forty thousand 
during the last two years, which have been oflEioially described as 
“ of excellent workmanship, and remarkably cheap.” Incidentally 
I discovered, during one visit I paid to Wazirabad, that one firm at 
Aligarh in the United Provinces, which had received an order for 

d2 
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Leather work. 


similar knives from tlie Munitions Board, had passed a portion of 
it on to a Wazirabad manufacturer, for compliance, as a sub-contrac- 
tor. Efforts will now be made to prevent these people relapsing 
into the line of manufacture they were in before the war, which, on 
account of its limited possibilities, may be described as a Cful de 
sac, and to find for them a permanent market for the better articles 
of cutlery they have shown they can make. 

The leather work of the Punjab is not good. The raw materials, 
i.e., hides, are very fair, but they are only too 
often spoiled by defective ffaying, and tanning. 
To remedy this, if only in part, a short leaflet was produced and 
widely distributed, which pointed out the more obvious defects of 
flaying as at present practised in the Punjab, and how they can be 
easily avoided. Efforts were also made to ^d a suitable man to be 
employed by Government to teach the tanners of this Province 
improved methods, but they failed on account of the great demand 
for all men with the requisite qualifications, for employment at 
Cawnpore and elsewhere, in factories engaged entirely on Govern- 
ment work. For the rest, roughly tanned hides were sent in very 
large quantities from this Province to Cawnpore for use in Govern- 
ment work there, and much leather work was done for the Ordnance 
Department through the Deputy Controller. 

The manufacture, by country methods, of saltpetre has increased 

« considerably during the war, to meet the 

Sanpetrc* j j j 

increased demand. 

Of minor industries, dyeing, especially by country methods, has 

tnA M course assumed considerable importance 

Minor ttidiutties. with the prob- 

lem, Government has started a dyeing school, with an expert dyer 
in charge in co-operation with the authorities of the Forman Chris- 
tian College, Lahore, whose chemist, Mr. Carter Speers, takes much 
> interest in industrial chemistry, and will generally supervise the 
venture. So far it is pronodsing well. 

The Ambala glass works, which specialise in chimneys, have 
done very well indeed during the last four 
years, principally owing to the absence of 
Austrian competition. They sell their chimneys all through the 
Punjab and North-West BVontier Province. Japanese competition 
touches them but little, owing to their distance from the sea. I 
was indeed told they could sell twice their present output without 
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difficulty ; but unfortunately, tbeir present output appears to be their 

maximum, on account of shortage of labour. Inspired by the success 

of the Ambala works, another firm has recently put up glass works 

in Lahore ; it is yet too early to say with what degree of success. 

Medicinal herbs have greatly increased in importance since 

^ the war. An enterprise has recently been 

Druffs , ** ... 

started to exploit the possibilities of the 

Punjab hills in this direction ; and it is proposed to erect a small 

factory at Doraha, near Ludhiana. A qualified chemist, who has 

studied the subject, is on the staff. The enterprise, if properly 

managed, has possibilities. 

The industrial activities of the jail department expanded con- 

, ^ , siderably during the war. All the ordinary 

Jail manufactures. . n . • i i • t i / 

industries save those which were indispensable 

to the efficient working of the jails were closed down, and the labour 
thus made available, nearly all of which is unskilled, was devoted 
to the manufacture of articles necessary for the war. Of these 
blankets and tents were the most important, but very many varie- 
ties of articles were made. Here again we may hope that the 
experience gained by many thousands of unskilled labourers in the 
manufacture of useful articles will prove to be not without its value 
to them after the war. 
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The Development of Industries in Burma. 


By J. P. Haedman, I.C.S., 
Contoller of Munitions, Bmna. 


The outstanding industrial features of Burma are,, firstly, the 
great possibilities of the Province as a supplier of raw material, its 
resources having as yet been comparatively little drawn upon 
secondly, the small extent to which its raw material is worked up 
in the Province, and thirdly, the handicap to industrial develop- 
ment caused by the shortage and high cost of labour, the want of a 
cheap fuel, and the paucity of roads and railways. The railway 
system has yet to be linked up with India on the north and British 
Malaya on the south. Eice, timber, hides and skiuB, mineral oil 
and cotton are the chief exports, rice easily heading the list. Tho 
imports are almost entirely of manufactured goods. Among raw 
materials imported are coal, salt, tobacco, fi.^ and silk, but of these 
only tobacco and silk are imported for manufacture. 

The Province has fortunately never known more than limited 
conditions of crop failure. In the rainy 
southern districts the rice crop is assured^ 
and the same is true of the northern wet belt, as yet little developed. 
The intermediate section, or dry zone, suffers at frequent intervals 
from shortage of rainfall and therefore of crop, but the existence 
of a through railway system, the readiness of the Burman to migrate 
in search of work, if congenial, and the absence of caste scruples 
of diet have removed any possibility of famine conditions arising, 
evenm this part of the Provincje. With the United Provinces and the 
Punjab, Burma ranks as one of the great Indian reservoirs of food 
grams, the exportable surplus of rice being nearly 2^ nodllion tons, 
in value about two-thirds of the total value of the exports. Sum- 
ming up, the industrial economy of the Province is as yet mainly 
agricultural, and, to a remarkable degree, dependent upon a single 
crop. 



The Development of Industries in Burma. 


49 


The reserved forests cover 29,000 square miles. This enormous 
Timber yielded, in 1915-16, 1-35 cubic feet of 

timber and fuel per acre, a small fraction 
of the annual increment of forest growth. Comparatively few 
species of timber, out of many known to occur, are exploited. 
Teak is the only timber which is exported on a large scale, being 
in great demand everywhere, but pyinhado {Xylia doldhriformis) 
padauk (Pterocarpus rmcrocarpus) and in or eng (Dipterocarpus 
tvbercvlatus) have also a considerable sale outside Burma. These 
are mainly exported in the sawn section, manufactures of wood 
being practically non-existent. . The Burma forests will, when opened 
out, constitute an immense reservoir of a raw material of which, 
even before the war, there was a growing world shortage, which 
has become greatly aggravated' during the war, owing to the denu- 
dation of woodlands in the belligerent and neutral countries. 

The proved mineral areas comprise the oil-bearing region in the 
Minerals ^ central districts, and numerous ore-bearing 

areas in the hilly country on the east. In the 
north-east extensive deposits of lead, zinc, and silver ore are being 
actively worked in the Bawdwin mine near Namtu ; in the south- 
east the Tavoy district is the most important of the world’s tungs- 
ten producing areas. The south-eastern districts also produce tin 
ore, and the prospects of development of this mineral are favour- 
able. Antimony and copper ore occur, but are not yet worked. 
The mineral oil products stand alniost alone in being exported in 
the final manufactured form. Bubies and sapphires are mined in 
the Ruby Mines district, and there is a small pearl industry in 
Mergui. 

The capital needed to develop the important established indust- 
ries has been obtained in the main either 
vesM^ in industry^ British, Indian or Chinese sources, Bur- 

mese capital having penetrated but little into 


Minerals. 


organized industrial channels. Rice mills and saw mills, financed 
and managed by Burmans, are however springing up in some num- 
bers outside the large urban centres. Musulmana from the Bombay 
Presidency finance a considerable portion of the imports, and some 
of the export trade, and Chinese from the Straits Settlements also 
play an important part. The mining industry has depended mainly 
on British capital. Germans had penetrated into the rice-milling 
trade before the war, and were stretching out a hand to the tungsten 
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industry, but Grovemment aotion liaB eliminated this factor, and 
German been replaced by British capital. Banks are conspicuous 
by their absence. In five towns, Rangoon, Akyab, Mandalay, 
Mbulmein and Tavoy, there are branches of important British joint 
stock banks. Elsewhere the financing of the Burmese cultivator is 
carried out largely by Madras money lenders of the Ghetty caste, but 
in recent years there has been considerable development, especially 
in Upper Burma, of co-operative credit banks. There is as yet no 
industrial bank. 

The other essential to industrial development, labour, is, like' 
capital, in no small measure supplied from 
Labour. other than Burmese sources. Although the 

Burman is not trammelled by caste, nor divided by racial or 
religious cleavage, and the standard of literacy in Burma is much 
higher than that prevailing in India as a whole, these circumstances, 
which at first sight would seem to favour the growth of a Burmese 
industrial community, appear to be more than o&et by the dislike 
of the Burman to working side by side with the Indian, by his pre- 
ference for an open air life, and his r^uctance to submit to the dis- 
cipline necessarily imposed in an organised industry. With one 
exception, namely the timber trade, all the large-scale non-agricul- 
tural industries in Burma are maimed by Indians, not by Burmans. 
For instance, the Burma Railways Company, the largest land-trans- 
port industry, employs 92 per cent. Indians, and only 8 per cent. 
Burmans out of 16,000 employ 6s. In the Lrawaddy Flotilla Com- 
pany, the largest water-transport organization, and in the mineral oil 
companies, the same feature of an organized industry solely or 
largely maimed by Indian immigrants appears. Most of the labour 
on the mines is Chinese or Indian. The vast extent of, as 
yet undeveloped, culturable land (36,304 square miles in 1917-18) 
contributes to attract the Burman to agricultural pursuits, with the 
result that labour is both scarce and dear, and, until this condition 
of affairs is mitigated, e.g,y through increased immigration, the in- 
dustrial development of the Province must remain severely hSndi- 
capped. 

A further handicap is the fact that Burma contains, so far as is 
known, no easily workable and cheap supply of 
fuel. No coal is extracted at present. Exten- 
sive coal-bearing areas exist, but the coal is of indifferent quality and 
no deposit has yet been proved which is likely to be of more than 
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local importance, nor has any coking coal yet been discovered. The 
search for workable deposits continues. Paddy husk and saw 
dust are used as fuel in the rice and saw mills, and an experiment 
aimed at securing better combustion of the former is in progress. 
The fuel is not however suitable for transport, so that Burma is 
hkely to be faced after the war with the continued necessity of 
importing coal and coke for its industries. A reconnaissance survey 
of hydro-electric possibilities is to be made during the present cold 
weather. The existence on the east, of an extensive, high-lying 
plateau, subject to a heavy rainfall, afiords hope of development 
in this direction, but the factors of the problem cannot yet be esti- 
mated. 

Owing to its distance from war theatres, the effect of the war 
in developing industries in Burma was less 
tries owin^fothewarr than in some other Indian provinces. 

Very large quantities of timber were never- 
theless extracted for war purposes, being despatched almost entirely 
in the plain sawn section. A beginning was made with munitions 
manufactures of the simpler kinds, and there should be no insuperable 
diflficulty in providing many future military requirements of wood 
at a cheap rate, given a steady sequence of orders. 

The shortage of tonnage during the war directed attention to 
the possibility of building wooden ships in 
Burma, and several have recently been launch- 
ed or are under construction, the largest one having a cargo 
capacity of 1,800 tons. Builders continue to be interested in the 
industry in spite of the change of circumstances brought about by 
the cessation of hostilities and the certainty of a decline in freights. 

The war development of Burma minerals included the active 

, , ,, extraction of tungsten ore, various mineral oil 

Mining and metallurgy. j ^ i j i -i mi. ^ . 

products, lead and silver. The ores of tungs- 
ten and tin are exported, and the smelting industry is confined at 
present to lead and silver; the possibility of further developments 
of smelting therefore calls for enquiry. Zinc sulphide (which occurs 
with the lead and silver ore) will shortly, it is believed, be shipped to 
India for the manufacture of India’s requirements of sulphuric ucid 
and zinc. 

Whilst private prospecting is continually going on, this work 
and the official geological survey are hampered 
by the dense forest growth covering many of the 


Other Industries. 



52 


Indian Munitions Board Handhoolc, 


mineral areas. Proof of the existence of the raw material presents 
in this case difi&culties which will in time be overcome, but other 
raw materials are already proved, and here industrial development 
can be expedited. Burma hides, up to the present mainly exported 
in the raw state, are of excellent quality, whilst recent investiga- 
tion has shown that the dry zone is a congenial soil for the culti- 
vation of cassia auriculata, the bark of which shrub is the most suit- 
able material yet discovered for tanning Indian cow hides. In the 
production of heavy chemicals, the first steps have already been 
taken. Sulphuric acid (made however from imported raw materials) 
has been manufactured in Bangoon for some years, whilst caustic 
soda is now being produced from the saline efflorescence (reh) 
occurring in the dry zone. The secondary industries of paper-pulp 
and paper manufacture will, it is believed, shortly be embarked 
upon. The demand for matches is met in part by local 
manufacture. 

In their geology and configuration, the south-eastern districts 
. ^ resemble somewhat closely the Malay States 

u er an CO on. possibility of largely extending rubber 

cultivation and developing rubber manufactures lies open, should 
it be found possible to attract the necessary capital and. to provide 
the unskilled and technical labour needed. Cotton is an established 
crop, the cultivation is extending, and the Province exports consi- 
derable quantities of raw cotton, which it re- imports later in the 
form of twist and woven fabrics. An enquiry into the possibility 
of establishing a spinning and weaving industry sufflcient to deal 
with the crop might lead to development. 

No department of Government charged with the special duty 

„ . ^ , of developing industries at present exists. A 

Future development. i - j ^ i 

general mdustrial survey of the Provmce re- 
mains to be made, and would no doubt suggest many lines for de- 


Future development. 


tailed expert surveys. Among industries, agricultural or dependent 
upon agriculture, to the establishment or extension of which the 
environment appears suitable, may be mentioned areca nut, cocoa- 
nut, wheat, sugar, tobacco, castor and tea. The manufacture of 
starch and the working up of the products of rice, e.g., rice meal and 
industrial alcohol, are possibilities which have not yet been examined. 
The Shan States appear to afEord a field for the development of 
plantations on a large scale and an organized stock-breeding 
industry. 
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Among possible lines of develo^mient of other than agricultural 
products may be mentioned lead manufacture, cement, tiles, earthen- 
ware and porcelain (the latter from local kaolin deposits), soap, 
cordage and gunny products, mats and matting, paper-pul^o and 
paper. The prospect of an extended sea-fishing industry obviously 
calls for examination in a province which has an extensive and varied 
seaboard, an established inland fishing industry, and a people Avho 
consume fish as part of their staple diet. The many possibilities 
of introduction of new or exx^ansion of existing field crops and the 
ox)port unities of industrial develox^ment afiorded b 3 ^ the forests 
make it essential that the industrial survey, when made, should be 
co-ordinated with an agricultural and a forest survej^. 
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The Effect of the War on the Industrial Development of the 
Central Provinces. 

By G. L. Corbett, I.C.S., 

Controller of Munitions, Central Provinces and Berar. 

There has undoubtedly in recent years been a general awakening 
to the theoretical value of industrial development, which is partly 
due to the war, but still more, I think, to emulation with Japan ; 
to the interest aroused by the Industrial Commission; and to 
political movements. These industrial aspirations have chiefly 
affected the educated political classes, who have no practical ex- 
perience of industrialism. 

These aspirations will, no doubt, bear fruit in time; but the 
immediate practical effect of the war on industrial development has 
generally, in my opinion, been adverse. The reasons for this are : — 

(1) the depletion of staffs both in Government service and in 

private employment; 

(2) the difficulty, if not the impossibility, of recruiting experts 

from abroad for fresh developments, whether by Govern- 
ment or by private firms; 

(3) the difficulty of obtaining machinery and stores from abroad 

and the shortage and high price of fud, for the develop- 
ment of power; and 

(4) transport difficulties, Umiting export of finished goods and 

the development of new markets. 

It has to be remembered that industries in the Central Provinces 
are still generally in the hot- house stage. Necessity, as in other 
provinces *where industries were already firmly established, has not 
•created a supply of articles essential for the maintenance of existing 
industries, which were cut off by the war. For the same reason, 
it has generally been more economical for the Munitions Board 
to develop the output of munitions in areas which are already 
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industrialised than to attempt to create new sources of supply in a 
backward province. 

I will now briefly discuss the effect of the war on individual 
industries. 

I. — Big Industries. 


Agriculture is the key industry of this province. At the outbreak 
Affri 111* activities of the Agriculture 

Department had already effected much, and 
promised early developments of far reaching importance- Owing 
to the war, the expert staff was depleted for military duty or for 
agricultural work in Mesopotamia, and it was impossible to get 
fresh recruits. Not only was further expansion retarded, but it 
was impossible to maintain the existing cadre at full strength. 
Again, the war has prevented the import of agricultural implements^ 
oil engines and other machinery; and even indigenous manufac- 
ture has been hampered by th^ want of iron.^^n particular the 
development of sugarcane cultivation has been stopped by the 
impossibility of procuring an adequate supply of cane-crushing mills. 

The expert forest staff has similarly been depleted ; and though it 
Forests possible to carry on existing working 

plans, it has been impossible to develop the 
commercial potentialities of important minor forest products, such 
as lac. The demands of the war have indeed increased the output of 
grass and sleepers from the forests. But the export of grass has been 
to meet the exceptionally large military requirements and would 
not ordinarily be justifled as a commercial proposition. The output 
of sleepers has only been increased as a temporary measure at the 
expense of sound silviculture, and so f^ from being advantageous, 
may actually impair future supplies. 

The collection of tanstufls, however, has undoubtedly derived 
great impetus from war demands and has been put on a more scienti- 
fic and commercial basis than formerly. On the other hand, trade 
in myrabolams, which were chiefly exported to Europe, has suffered. 

The important coal and manganese industries have generally 
Mlnlnif ^slooated, and expansion has been 

impaired by the uncertainty of the market, 
difficulties of transport, shortage of expert mining staff and the 
difficulty of getting machinery and stores. Some coal mines have 
made large profits from recent high prices ; but this has not 
been altogether healthy, for it has encouraged people to dabble 



Indian Munitiom Board Handbook, 


Cerneni, 


in coal who have not the expert knowledge to succeed under normal 
•conditions. On the other hand, some of the more important com- 
panies have suffered from forward contracts at low rates which they 
cannot profitably fulfil at the present cost of labour. The develop- 
ment of the bauxite and iron industries has been similarly retarded. 

Established mills have made large profits from the high prices 

^ which have recently been prevailing, but the 

Cotton mills. . . . . .1 j 1 

increase m output has been hampered by the 

-difl&culty of obtaining not only heavy machinery and looms, but 

also shuttles, bobbins, pickers, etc. ' 

Il.—Srmller Industries. 

Cement works have benefited from munitions demands and are 
Cement established as a very profitable industry. 

But delivery of plant, which was actually ordered 
in England and would have much increased the output, has been 
prevented by the war. 

Pottery works have benefited from large orders for firebricks, 
etc., but have been unable to develop finer 
work owing to the difficulty of obtaining the 
necessary plant. 

The demand for leather for war purposes has awakened 
X . many to the possibilities of increasing and 
improving the output of leather produced from 
local tanstuffs. But the actual resxdts so far have not been impor- 
tant. On the other hand, the demand for well fiayed and cured 
hides in Bombay and other markets has undoubtedly effected an 
improvement in the quality of the raw hides exported. 

The glass factory at Jubbulpore was able to extend its market, 
Glass suffered from want of expert supervision. 

After many efforts a Belgian glass expert 
was at last engaged, but was drowned in the ' Maloja.’ 

The output of the few oil mills in the Province is almost 
Oil ressing entirely consumed locally, and, the impossibility 
p smg. obtaining plant has retarded further develop- 

ments. Some mills which were run by oil engines have shut down 
owing to the cost and difficulty of obtaining oil. On the other hand, 
one or two of the larger mills have obtained substantial orders 
abroad, and have increased their output by installing oil plant 
which had previously been scrapped. 


Pottery. 


iHldes and tanning. 


Oil pressing. 
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The Agricultural Chemist succeeded in producing paper pulp 
from cotton stalks, but the machinery which 


Paper. 


was required to test the experiment on 


Limercial scale was sunk at sea, and has not been replaced. 
111. — Cottage Indiistries. 


Cotton weaving. 


The introduction of the dy shuttle by the Textile Expert has been 
hampered by the difficulty of obtaining the 
necessary stores from England. Satisfactory 
shuttles have, however, now been made locally on a small scale. 
The hand- weavers benefited for a short time from the high price 
of cotton cloth, but this has been counterbalanced by the very high 
price of yarn. High prices have also lessened the demand for silk- 
embroidered cloth, which is a speciality of the Central Provinces’ 
^ Koshta ''' and does not compete with the mills. 

The local tweeds which were produced by the Textile Expert, 
. promised to give a sound cottage industry ; 

00 weaving. brought to a standstill by the 

commandeering for military purposes of all Cawnpore yarn, which 
was necessary for the warp. It has also been impossible to obtain 
from England the plant required for the small central factory on 
which the organised industry woi^ld depend. 

The introduction of the power hammer and pressing and spinning 
machinery, which was well in train, has suiffered 
partly from shortage of brass and partly 
from the difficulty of getting the necessary plant. 


Brass work. 
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Chemical Industries. 

By Dr. J. J. Sudborough, Indian Institute of Science, Bangodofe^ 
and Dr. J. L. Simoksrn, Indian Munitions Board. 


I. — IntrodkuMon. 


In a modern state the development of chemical industries on 
a scale that renders them an important factor in the economic 
life of the state — as they are in England, Germany and America — 
necessitates the provision of certain essentials at sufficiently low 
rates. 

First of these are the fundamental heavy chemicals, the most 
important of which are sulphuric and hydio- 

Essentials for^ the chloric acids, lime, sodium carbonate, caustic 

Industries. soda and ammonia or aznmomum salts toge- 

ther with common salt and, if a coal 
tar industry iar mcluded, nitric acid- These 
fundamental chemicals are essential as they are used so largely 
in the production of other chemicals from indigenous sources. 
For example, sulphuric acid is required in the manufacture of 
hydrochloric and nitric acids, m the production of sodium carbo- 
nate in the Leblanc process, in the manufacture of alum and 
other metallic sulphates and in the manufacture of superphos- 
phates. These common or fundamental chemicals aije also largely 
used in the refining of various natural products or of materials 
derived from natural products ; thus large quantities of sulphuric 
acid and alkali are required for refining fixed oils and mineral oils. 

The general industrial development of England — a development 
including that of the heavy chemical indus- 
heating” pflSoses^lwS tries— is usually attributed to the fairly wide 
metallurgical opera- distribution of coal fields in England, to the 
good quality of the coal and to the fact that 
in the early nineteenth century the coal could be worked at a 
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comparatively low depth. The coal fields in India are not widely 
distributed. The chief centre is Bengal and Bihar, and of the 
18 million tons of coal raised in India in 1917 sixteen and a half 
million tons came from this field. Coal of low grade is found in 
Assam, Hyderabad and in the Punjab and recently coal has been 
discovered in the Northern Shan States of Burma. 

Coal as fuel is comparatively cheap in Bengal and hence this 
would appear to be the most suitable centre for certain chemical 
industries requiring cheap coal or coke. 

It is clear that it would be impossible to hope to work an 
industry in South India successfully from a financial standpoint 
if large quantities of coal were an essential. For many purposes 
wood can be used as a substitute for coal and although as a source 
of heat or power its efficiency is much less, the comparative 
heating values for equal weights can be usually taken as about 1*2 
in many parts of South India the lower cost of the wood 
compensates for this low caloriSc value. For certain purposes, 
charcoal can be used when a fuel of high calorific power is required, 
and the possibility of producing, at a comparatively low cost, large 
quantities of wood charcoal from the waste woods of the forests needs 
careful consideration. The scheme of the Mysore Government for 
making charcoal iron in the Shimoga district is based upon the 
cheap production of charcoal from the timber in the adjacent 
forests. 

In the modern industrial world cheap electricity is an essential 
for certain chemical operations. The electric energy may be used 
(a) as a source of power for running machinery, (6) for producing 
high temperatures as in operations where the electric furnace is 
used (c./., calcium carbide p. 229) and in electro-metallurgy, or 
(c) for actually bringing about chemical changes, as in the electrolytic 
processes for producing alkali, chlorine, aluminium or magnesium. 
Such cheap electricity is generated with the aid of either fuel or 
water power. In many parts, electric current at 0-6 anna per 
unit (Bs. 205 per E. F. year) can compete with steam. On 
the other hand, electric current required for electro-metallurgic 
or for^ electrolytic processes must be much cheaper, as the products 
manufactured by the aid of such cunent will have to compete with 
similar materials produced in North America and Scandinavia 
where current can be generated from water power at from 0*1 anna 
to 0-06 anna per unit. 
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In this connection it may be pointed out that India suffers 
from ' a considerable disadvantage when compared with America 
or European countries where big hydro-electric schemes have been 
developed. Owing to Indian climatic conditions, in most centres 
where hydro-electric power stations could be erected, it is found 
that there is an excess of water during certain months and a great 
shortage during the hot season. This means that either enormous 
dams must be constructed in order to retain during the monsoons 
the excess water which can subsequently be used in the dry season, or 
the electro-chemical and electro-metallurgical factories must be shut 
down during periods of drought. The first method means big 

capital expenditure and hence an increase iu the cost of current, 
and the jecond necessitates that money locked up in valuable plant 
and machinery will be unremunerative during several months of 
the year (see page 154). 

Most chemical industries require special plant in addition to 
the ordinary requirements for power or 

****”* *** steam. Such plant may be of the com- 
paratively simple nature of mixers, stills and 
evaporating pans or may take the form of the more complex auto- 
claves, filter presses, centrifugals and multiple effect evaporators. 
Before the war all such plant and machinery was imported, but 

it is clear that the growth of big chemical industries would be 

facilitated by the production of much of the simpler plant in India. 

Boilers, stills, evaporating pans and even autoclaves could be 
made in the country. A start in this direction has been made, 
for example, all the stills required for the Mysore Grovemment Sandal- 
wood Oil Factories were made in Madras. 


In any attempts to foster the development of chemical -indus- 
tries in India attention should be directed, 
*** ^ instance, to industries which make 

use of the Indian grown raw materials 
'how exported to other countries, where they are worked up into 
various finished products. Included in these exports are (1) 
the raw materials from which important fixed oils and feeding 
cakes are manufactured (p. 77), (2) the raw materials from 
which valuable essential oils (p. 90) and medicinal drugs are 
prepared and (3) various mineral products such as chrome, manga- 
nese and zinc ores, wolfram and monazite sands, all of which are 
exported to Europe and are there worked up into important metallift- 
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gical or other technical products. The production in India of 
all the common salt consumed in the country, both high grade 
salt for edible purposes and lower grades for industrial purposes 
(p. 70) seems al^ well within the range of possibility. 

The development of certain specific industries may be relatively 
simple. If India is practically the only producer of the raw material 
in question, the working up of the raw material and the export of 
the finished product may be comparatively easy, as competition 
from foreign countries is eliminated. In most cases, however, 
such as oil seeds, minerals, etc. India is not the only producer 
and during the early stages of developing the industry keen com- 
petition with foreign countries must be expected. In fact it is possible 
that certain countries or foreign firms will be prepared to flood the 
Indian market with a product at less than cost price in order to 
destroy a struggling industry during the first years of its inception. 

The whole problem is complicated by tariff questions. The 
desirability of introducing export duties on raw materials but of 
allowing free export of the corresponding manufactured products, 
e.gf,, export duties on sandal wood, ajwan seed, copra, crude salt- 
petre, monazite sands but free exports of sandalwood oil, thymol, 
cocoanut oil, pure potassium nitrate, and thorium compounds has 
to be considered. On the other hand, foreign countries will 
frequently allow Indian raw materials such as oil seeds or minerals 
to be imported free of duty but levy a relatively high tariff when 
attempts are made to import the finished products derived from 
these raw ma^rials. 

' II. — Minercd Acids. 


Sulphuric acid may be regarded as the “ key industry ” for all 
Sul huric acid chemical industries and it has been claimed 

that the wealth of a country can be gauged 

by its production of sulphuric acid. As the acid is extremely 
cheap and also excessively corrosive, it follows that, as a rule, 

freight charges will be relatively heavy and hence it is usually 
necessary to manufacture in certain centres where large quantities 
are required. 

Some idea of the quantities produced in Europe and America 
may be gathered from the fact that the United Kingdom and 

France each manufacture about one million tons a year, while 
Germany produced about 1,650,000 tons in 1912 and the United- 

E 2 
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States of America about 2,876,000 tons in 1912 and 3,765,000 
tons in 1914, the latter figures including about one million 
tons from zinc works. Since 1914 these figures must have been 
increased to an enormous extent, as very large quantities were 
required for producing phenol, trinitrotoluol, nittocelluloses and 
other explosives. The output of the United States of America for 
1917 is given as 7 million tons. In Erance, Italy and the United 
States of America the great bulk (about 70 per cent.) of the acid 
produced prior to 1914 was used in the manufacture of superphos- 
phates for fertilizing purposes. 

The quantity imported into India in 1912-13 and 1913-14 varied 
from 2,000 to 3,000 tons a year and it is estimated that about 18,000 
tons are actually manufactured in the country, so that in India 
this *key” industry is quite in its infancy. 

The great bulk of the acid made in Europe is produced 
by burning iron p}nrites and oxidising the gaseous sulphur dioxide 
by means of nitrous fumes, air and moisture in leaden chambers 
to chamber acid, which is subsequently concentrated. Such acid 
invariably contains arsenic as an impurity and has to be de-arseni- 
cated before it can be used for certain specific purposes where 
arsenic would be injurious. The London price of ordinary 50°B 
acid was 32t^ shillings per ton in 1913 but rose to 83 shillings in 1918. 

As large deposits of iron pyrites have not been met with in 
India, practically all the sulphuiio acid is made by burning sulphur 
imported from Sicily or Japan. This yields a good quality acid,, 
free from arsenic, but is much more expensive. In 1917 the price 
of pyrites in the United States was practically one fourth that of 
sulphur. The price of imported sulphur in India in 1913 was 
about £5-6 per ton and as 1 ton of sulphur yields about 3-4 tons 
of sulphuric acid, it is clear that, even if the factory costs are reduced 
to their minimum, the selling price of Indian-made sulphuric acid 
in Calcutta or Madras must be much higher than the ordinary pre- 
war price in London. 

The need for careful chemical control and supervision in a. 
modem sulphuric acid factory is illustrated in two recent papers , 
in the Journal of the Society of Chemical Industry (1917. 36. 196. 
491). Without such control the plant is inefficient, the yield of 
acid low and hence the price relatively high. It is probable that 
many of the sulphuric acid plants in India, most of which are 
comparatively small, are run somewhat inefficiently. 
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The future of the industry in India is promising, as it has been 
decided to* work up at Singhbhum the Burmese zinc concentrates 
for the production of spelter (zinc). These concentrates consist 
largely of zinc sulphide, and when roasted produce sulphur dioxide, 
which can be used for the production of sulphuric acid in the ordinary 
lead chamber. As the sulphur dioxide is a by-product, its cost 
should be much less than sulphur dioxide produced by burning 
imported sulphur, and hence the cost of producing sulphuric acid 
in India should correspond- more nearly with that of American or 
European acid. 

The following tables give the imports of sulphur and sulphuric 
acid into India during the past six years. It is clear from these 
tables that the quantity of imported acid has diminished, and the 
increased imports of sulphur are mainly due to the larger amount 
of acid manufactured in India. 


Table 1. — Imports of sulphuric acid. 


Year. 

Quantity. 

Value. 


Tons. 

£ 

1912-13 j 

1,939 

24,732 

1913-14 1 

3,196 

36,664 • 

1914-16 

1,231 

21,961 

1916-16 

267 

6,603 

1916-17 

82 

2,861 

978 

1917-18 

21 


Table 2. — Imports of Sulphur. 


Year. 

Quantity. 

Value. 


Tons. 


1912-13 

5,749 

35,810 

1913-14 

6,327 

39,894 

1914-15 

6,101 

41,538 

1916-16 

8,477 

68,909 

1916-17 

8,966 

89,000 

1917-18 

9,786 

111,790 
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Large quantities of sulphuric acid are used in the manufacture 
of super-phosphates, hydrochloric acid, nitric acid, the metallic 
sulphates, such as epsom salts, alum, sulphate of iron, zinc, etc., 
in the refining of oils and in pickling iron. In Europe and America, 
large quantities are also used in the explosives and dye industries^ 
In the dye industry, a product known as fuming sulphuric acid 
is required and this is now manufactured by what is termed the 
contact process. Ordinary concentrated sulphuric acid can also 
be made by the same process and it is possible that this method 
might be used in India. The method consists in passing pure 
sulphur dioxide and oxygen at a suitable temperature over a cata- 
lyst such as platinum, ferric oxide (pyrites ashes) or alloys of tungsten 
and collecting the sulphuric anhydride thus formed in sulphuric 
acid of suitable strength. The cost would be comparatively high, 
as great care is required in the supervision and the plant could 
only be run by a chemist accustomed to the process. (For modern 
methods of sulphuric acid manufacture see Moss, Journal of Society 
of Chemical Industry, 1918. 37. 68 T.) 

Nitric acid is now made in India in quantity sufficient to meet 
Nitric acid demand and we are given to understand 

that with the plant at present available any 
reasonable increase could be met although, of course, should the 
manufacture of dyes or explosives be undertaken considerable 
extensions would be required. The imports are small. 

Table 3. — Imports of nitric acid. 


Year, Quantity. Value, 


Tons. £ 

1012 - 13 267 9,760 

1013 - 14 243 8,869 

1914-15 .... .... 164 7,454 

* 1016-16 ......... 46 4,437 

1016 - 17 142 14,306 

1017 - 18 3 206 


*Figare8 for Bengal not available. 
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The acid is manufactured by heating sodium nitrate (Chili 
saltpetre) with sulphuric acid. The imported nitrate is preferred 
to Indian saltpetre (potassium nitrate), since it is cheaper and is 
less liable to contain chlorides, which must not be present if a good 
quality acid is required. The purification of the potassium nitrate 
presents no great difficulties and it is possible that with improved 
methods a pure saltpetre could be produced as cheaply as the 
material containing several per cent, of chlorides now put on the 
market. A further advantage, which would result by the substitu- 
tion of potassium for sodium nitrate, is that the by-product from 
the manufacture, potassium hydrogen sulphate, is of much greater 
value than the corresponding sodium salt, as it can be used as a 
potash fertiliser after neutralisation with lime. A by-product 
formed when Chili saltpetre is used is acid sodium sulphate. The 
quantity of this product turned out in Europe and America is 
considerable and various methods have been proposed for utilising 
it (ef. Journal Society of Chemical Industry, 1919. 36. 1216 A, also 
Grossman Und 1035, 1761 ; 1918. B7. 103 T). 

The question of replacing or supplementing the present method 
of manufacture by one of the processes now in use in other countries 
for utilising atmospheric nitrogen is one which requires careful 
consideration, if the manufacture in India of explosives and 
dyes is contemplated. 


The main source of this acid in Europe is as a by-product in 


Hydrochloric acid. 


the manufacture of soda by the Leblanc 
process and it is therefore placed on the 


market at a very low rate* It can be readily prepared by heating 
common salt with sulphuric acid and its price is dependent there* 
fore mainly on that of sulphuric acid. As sodium carbonate is 
not manufactured in India by the Leblanc process, the sodium 
sulphate formed in this reaction is of little value and this fact also 
tends to increase the price of the acid. The price of the commercial 
concentrated acid in 1914 was Es. 300 per ton in Madras. With 


a supply of cheap sulphuric acid it will doubtless be possible to put 
hydrochloric acid on the Indian market at a price which will render 
its use in other industries more feasible. 


The Indian output at present is approximately 600 tons per 


annum, whilst comparatively little is imported. 


*£1-12 per ton [qooted fiom Molarini, Inoiganio Chemistiy, p. 159.] 
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Table 4 . — Imports of hydrochloric add. 


Year. 

Quantity. 

Value. 

1 

Tons. 

£ 

•1913-14 

14 

442 

*191446 

163 

4.740 

*191646 

100 

6,1S3 

tl91047 

120 

7.844 

191748 • . . . 

42 

3.302 

Ur 




*FigiireB for Bombay and Sind not available. 
fFigarefl for Bengal not available. 


This acid is mainly used in the manufacture of chlorides, more 
especially zinc chloride, the pickling of iron, the purification of ores, 
and in the colour and pottery industries. 


IIL—Alkalies and Common Scdt. 

Until the recent methods for the utilisation of atmospheric 
Ammonlc* nitrogen for the manufacture of ammonia and 

nitric acid were developed, the sole commercial 
source of ammonia was the ammoniacal liquor recovered in gas 
works and coke ovens. The ammonia so obtained is formed by 
the decomposition of the nitrogenous matter present in the coal, 
passes over with the issuing gases, and is removed by the use of 
suitable scrubbers. The crude ammoniacal liquor is usually boiled 
with lime and the ammonia passed into sulphuric acid, when crys- 
tallised ammonium sulphate is formed. This is used as a fertiliser 
or for the manufacture of other ammonium salts or of ammonia itself. 

Ammonia gas is largely used in refrigerating plants and has not, 
owing to lack of plant, been made in India, whilst the salts such as 
ammonium, chloride and carbonate find various technical applica- 
tions. As is pointed out on page 107 the present Indian output of 
ammonium sulphate is in excess of requirements. In the following 
tables (tables 6 and 6} the imports of ammonia and its salts into 
India are shown. 






Chemical Industries* 


Table 5. — Imports of aqueous ammonia and ammonia gas 



Year. 


1 

Aqtjkous 

AMMONIA. 

Ammonia o.* 


Quantity. 

Value. 

Quantity j 






Tons. 

£ 

Tons. ' 


1013-14 

• 

• 


• 

•i 

54 

♦3 


1914-15 

• 

• 


• 

tsi 

314 

til 

1 


1915-16 

a 

• 


- 

H 

380 

tis ! 

i 

1916-17 

« 

• 


■ 

4 

471 

H5 1 


1917-18 

• 

• 


• 

8 

928 

{16 1 



*¥ot Baimfr oxily. 

^Except Madras and Bengal. 
iEzoept Madias, Bengal and Sind. 
lEzcept Bengal. 


Table 6. — Imports of ammomum salts^ 



AMMONIUM OABBO- 
NATE. 

AMMONIUM CHLOnmS. 

AXBSOXnUTM 

Year. 

Quantii^. 

Value. 

Quantity. 

Value. 

Quantity, j 

- 

Tons. 

£ 

Tons. 

£ 

1 

Tons. 

1913-14 . 

•43 

2^160 

♦53 

2,064 

f204 

1914-15 . 

t50 

2,396 

11326 

12,509 

$159 

1915-16 . 

t30 

2,063 

t870 

16,698 

$150 1 

1916-17 . 

t37 

3,723 

t314 

16,708 


1917-18 . 

t69 

6,691 

■1377 

24,907 

nil 


*Ezcept Bombay, Sind and ‘Bengal. 
tEzo^ BengaL 
JEzoe^ Bn ana and Sind. 

§Beiiigal and Boima only. 

IIEzcepfe Bengal and Mmas. 
^jEzce^ Bombay and Sind. 
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Second only to sulplmric acid in importance for the develop- 
ment of chemical industries are the alkalies, 
and^^cawtlc soda.**”*** sodium carbonate and caustic soda, since 
little expansion of other industries can take 
place, unless these chemicals are available in large quantities at 
low rates. The following table indicates the magnitude of the 
imports into India. 


Table 7. — Imports of sodium carbonate and caustic soda. 


Tear. ^ 

SODITTIC OAZtBOITATE. 



OAUSTIO SODAi 

Quantity. 

Value. 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

1912-13 .... 

13,856 

74,574 

4,942 

53,534 

1913-14 .... 

21,167 

106,172 

4.910 

58,379 

1914-15 .... 

22,628 

116,423 

5,905 

70,311 

1915-16 .... 

27,639 

157,117 

4,395 

64,845 

1916-17 .... 

18,376 

129,740 

2,855 

79,128 

1917-18 .... 

35,014 

288,194 

5,855 

222,861 


Crude sodium carbonate, contaminated with varying amounts 
of common salt and sodium sulphate, is found as an efflorescence 
in certain districts during the hot weather. This alkaline earth or 
reh is collected and used by dhohies for washing purposes. The 
increase in the prices of sodium carbonate owing to the war led^to 
further investigation of these alkaline earths, and fairly pure sodium 
carbonate was extracted in both the United Provinces and M 3 ^ore, 
the method adopted being somewhat similar to that used for 
extracting saltpetre from the soil in Behar and the Punjab. It is 
certain that such methods will not prove profitable when the price 
of the chemical falls. 

In Sind, and especially in Ehairpur State, larger quantities of 
sodium carbonate — also in most cases somewhat crude and mixed 
with chloride and sulphate — have been met with as deposits in the 
basins of certain lakes. In 1915-16, about 350 tons were produced 
in the Nawababhat District, and about 3,600 tons of this crude 
product were available in Ehairpur State. It is used mainly for 
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wasbing purposes, for makiug soap aud in cooking. These deposits ar 
being examined in order to see if refining on a comparatively larg 
scale would be profitable, but in any case it is very doubtful if tb 
whole requirements of the country could be supplied from sue! 
sources. 

The possibility of the manufacture of both these chemical 
in Tndia in sufBcient quantities and at rates such that they coul< 
compete with the imported articles needs careful consideratioo 
This manufacture may be regarded as a key industry, as sodiun 
carbonate and caustic soda are essential for many industries, o 
which amongst the chief may be mentioned soap, glass, dye works 
coal-tar and oil refining. 

The oldest process in use for the manufacture of sodium carbo 
nate is that known as the Leblanc process. This process is stil 
in use in Great Britain, but it has been largely supplanted in German} 
and elsewhere by more modern methods of manufacture. The 
Leblanc process consists in melting together salt cake (sodiun 
sulphate), coal or coke and limestone, when the sulphate undergoes 
reduction to sodium sulphide, \chich then reacts with the limestone, 
yielding sodium carbonate and calcium sulphide. It is doubtful 
if the process could be introduced with success into India, as it 
demands a large supply of cheap sulphuric acid (for the manufacture 
of the sodium sulphate), and the disposal of the excess of hydro- 
chloric acid produced in this stage of the process would probabl}' 
present difficulties. For the manufacture of the carbonate two 
methods would appear more likely to meet with success, either the 
ammonia soda process, which requires as raw materials, ammonia, 
salt and carbon dioxide (obtainable fi'om limestone) and yields 
as a by-product calcium chloride, for which there would appear 
to be a large demand in India ; or electrolytic processes, in which 
a mixed solution of caustic soda and salt are produced, the caustic 
soda being subsequently con'verted into sodium carbonate by treat- 
ment with carbon dioxide, and then separated from the common 
salt. The ammonia soda process has been worked in Japan during 
the war and large quantities of sodium carbonate manufactured, 
but it is thought that the costs are too heavy to enable the product 
to compete with imported carbonate in normal times. 

The manufacture of caustic soda is dependent to some extent 
on that of the carbonate, since it can be readily obtained from the 
latter, by digesting its aqueous solution with lime, filtering the 
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product and eyaporating the clear liquid. During the last few 
years, this method has been adopted in several districts in India, 
owing to the difiSculty of obtaining the imported article. 

The bulk of the caustic soda now manufactured in America 
and Europe is produced electrolytioally from aqueous solutions 
■of cozmnon salt. When mercury is used as the cathode, an aqueous 
-solution free from common salt is obtained, but with other types 
of cells, e.g., the bell and diaphragm cells, the liquid obtained 
contains both caustic soda and common salt which can be separated 
during the process of evaporation. Two important by-products 
0.16 obtained when the electrolytic method is used, viz., hydrogen 
and chlorine. Eor the establishment of this industry in India 
cheap current (p. 69) is an essential and the cost of the main 

product, caustic soda, could only be reduced to a figure comparable 
with the selling price of the imported article by making use of the 
by-products. The hydrogen could find a market for the refining 
of oils by hydrogenation, whilst the chlorine could be used for the 
manufacture of bleaching powder, chloroform and halogenated 
solvents, such as ohlorinated ethanes, used in solvent extraction 
plants. 

Probably, the most dangerous competitor which Indian alkali 
would have to meet is the sodium carbonate from Lake Magadi 
in East Africa. This is ava^ble in practically unlimited quantities 
oni the sea carriage to India is short. If the manufacture of 
sodium carbonate and caustic soda is to be looked upon as a “key 
industry ’’ then it may prove desirable to protect it, until such a 
-time as the industry is thoiou^y established. 

Common salt, sodium chloride, is a substance of fundamental 


Common salt. 


importance, both for use in chemical industries 
and for hi^an consumption. In 1914, one and 


a haU million tons were produced in India. About 60 per cent, of 
this was produced from sea water by solar evaporation in the 
Bombay and Madras Presidencies, about 16 per cent, from the 
•Sambhar lake in Bajputana, 11 per cent, from the rock . salt beds 
in the Punjab, one per cent, from the salt deposits of Sind, which are 
stated to be very extensive, and smaller quantities from the sub-soil 


water at Eharagoda in Gujarat, and also as a by-product in 
saltpetre refineries. The majority of saltpetre refiners, however, 
throw away the crude salt they recover, as they consider the. 
purification would not repay the duty which is levied. > 
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Although the quantities manufactured in India have . altered 
only slightly within the period 1914-16, the value has increased 
some 46 per cent, as shown in the following tables : — 


Table 8. — Salt Production in hidia. 



Table 9. — Production of rock salt in India. 


Year. 

Quantity. 

Value. 

, 

Tons. 

£ 

1914 

166,650 

2i,248 

1916 

179,792 

32,m 

1916 

184,904 

34,706 


The salt manufactured in India from sea water is usually not 
a high-grade article. A good deal of it is contaminated with earthy 
matter, and has a yellow or brownish colour and leaves a residue 
when dissolved in water. As a rule, it also contains appreciable- 
amounts of magnesium chloride and thus tends to become damp 
in a moist climate. Undoubtedly the quality and quantity of salt- 
manufacture could be improved. Some of the points which require- 
attention in order to obtain Sack results are : — 

(1) The manufacturer sells by measure and the Government 
duty is levied by weight. Hence the merchants prefer 
a light salt, and any improved methods of production 
which might tend to give a heavy salt meet with opposi-^ 
tion. 
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(2) In most factories tlie salt crystals are not washed to free 

them from the mother liquor and hence there is a relatively 
high percentage of magnesium chloride in the salt. 

(3) The yield of salt per acre of evaporating pans varies 

enormously, e.g., in the Madras Presidency from 200 
to 6,400 maunds per acre per year. This is partly due 
to climatic conditions, as the quantity of salt which 
can be produced will vary with the number of dry sunny 
days. It is probable, however, that in some factories 
low yields may be due to loss of concentrated brine by 
leakage in the crystallising pans. 

(4) The presence in each important district of a Revenue 

OflBicer with a training in chemistry would probably result 
in improvements in the manufacture. 

The mother liquor, run ofE from the common salt, which 
separates in the crystallisers, is termed bitterns and is very rich 
in magnesium salts and also contains smaller quantities of potassium 
and bromine compounds, and could be used as a source of manu- 
facture of compounds of these elements (c/. p. 307). 

Although very large quantities of salt are made in India, the 
output is not sufficient to meet the total demands of the country 
as shown in the following table : — 


Table 10 . — Imports of salt into India, 


Year. 

Quantity. 

Value. 

1914-15 

Tons. 

465,694 

£ 

493,560 

1915-16 

548,940 

1 , 264,054 

1916-17 

445,426 

1 , 276,875 

1917-18 

336,985 

1 , 467,193 


Nearly the whole of this imported salt is of high-grade quality, 
and is used in Bengal where a fine-grained white salt is appreciated. 
Of the imports about one half come from the British Empire, mainly 
from Liverpool and Aden. The possibility of improving the quality 
of the bulk of salt manufactured in the Madras Presidency, of 




Chemical Industries^ 


73 


producing a high-grade table salt suitable for the Calcutta market 
and of increasing the total output of salt, so that India should be 
independent of the imported article, has recently received some 
attention. The production of a high-class fine-grained salt can be 
acco]|;nplished by re-crystallising the ordinary Indian salt and boiling 
the solution rapidly as the salt separates, or by taking greater care 
in the original manufacture and then grinding the product in a 
suitable type of plant. 


7F. — Coal Tar, 

The importance of coal tar, in any complete scheme of chemical 

_ ^ industries, is evident when it is pointed out 

Coaltar derivatives. . .v- j. • i i- 

that this raw material is the source from 

which the following types of organic chemicals are manufactured : — 
(a) High explosives for fillioig shells^ as contrasted with propellant 
explosives, — Tri-nitro-toluene has been used by 
Germany since 1902 and is the well known trotyl or 
T. N. T. of the British Service. It is also a constituent 
of explosives used in Austria and Belgium. Picric acid 
(trinitro-phenol) was used for years by the French 
Government under the name of melinite, and by the 
British Gk)vernment under the name of lyddite, and 
was also the chief constituent of explosives used in 
the United States, Italy and Japan. Dinitro-naph- 
thalene mixed with ammonium nitrate is used as a 
blasting explosive, and also by the French Government 
for filling high explosive shell under the name of schnei- 
derite. 

[h) Aniline dyes or syfithetic dyes, — ^Alizarine, which in Europe 
has completely replaced the natural dye obtained from 
the madder root, and synthetic indigo are manufactured 
from products made from coal tar. All the members 
of the groups of dyes known as tiiphenylmethane dyes, 
azo dyes, indanthrene dyes, and sulphur dyes, are manu- 
factured from coal tar products. 

ic) Synthetic drugs, as contrasted with the natural drugs, derived 
fmn plants, — ^The well known antipyretics, antipyrine 
or phenazone, antifebrine or acetanilide, phenacetine or 
ethyl ether of p-acetaminophenol ; the antineuralgics, 
salicylic acid and its salts and acetyl-salicylic acid or 
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aspirin, known also in England under the names of 
empirin and regep3^xin ; local anaesthetios, such as 
anaesthesin or ethyl p-aminobenzoate, noyooaine and 
beta-euoaine ; modern drugs used for protozoal diseases, 
e.g,, the azo dye, trypan blue, atoxyl for sleeping sick- 
ness, salvarsan (or kharsivan) for syphilis and the recent 
dyes, introduced as general antiseptics, the yellow 
dye aoriflavine, are all manufactured from coal tar pro- 
ducts. 

(d) Photographic chemicals . — ^All the well known developers, 

pyrogallol (trihdroxy benzene), hydroquinone (p- 
dihydroxybenzene), rodinal (p-aminophenol hydro- 
chloride), and the isomerio compounds, metol and ortol, 
are benzene derivatives and eikonogen is a naphthalene 
derivative. All the sensitisers used for producing ortho- 
chromatic and panchromatic photographic plates are coal 
tar dyes. 

(e) Synthetic picouring and odoriferous materials . — The 

following well known substances are all derived from 
coal tar products : — artificial musk, coumarin (the odour 
of new mown hay), oil of wiutergreen and salicylaldehyde 
(the odour of meadow sweet). 

The common sugar substitute, saccharin, which is 600 times 
sweeter than sugar is also derived from coal tar. 

Table 11. — Imports of dyes and drugs. 
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Table 12. — Imports of carbolic add and naphthalene. 


Year. 

Cabboxjo Aom. 

Naphthalene. 

Quantity. 

Value. 

1 

1 Quantity. 

Value. 





Tons. 


£ 


Tons. 

£ 

1913-14 


- 

. 

40 


1,288 


•16 - 

248 

1914-15 



. 

44 


1,099 


t33 

663 

1915-16 


. 

• 

43 


1,809 


47 

1,653 

1916-17 


. 

. 

46 


2,492 

1 

1 

1 

2 

! 174 

1917-18 


• 

• 

32 


2,219 

( 

136 

11,571 


*Biinna and Madras only. 
tEzoept Bengal. 


Tlfe two sources of coal tar are gas works and coke ovens : — 

(a) In gas works, coal is distilled at high temperatures 

in closed retorts, for the manufacture of coal gas, for 
heating and illuminating purposes. The amount of tar 
available in India is very small as only two fair sized 
gas works are in operation, at Bombay and Oaloutta* 

(b) In coke ovens, coal is carbonised with the object of 

producing coke required in enormous quantities in the 
metallurgical industry. In the old fashioned beehive 
ovens, the by-products such as ammonia and tar were 
not recovered. Germany led the way in the introduc- 
tion of by-produ6t recovery ovens, and these are now 
replacing the older beehive ovens. They are more 
expensive to erect, but the extra initial cost is more 
than compensated by the values of the ammonia and 
tar recovered. In India, such by-product ovens have 
been installed and coking, in beehive ovens is gradually 
ceasing. The tar is not however distilled on any 
considerably scale,, nor is any attempt made to recover 
the toluene, etc., from the oven gases. 


Although coal tar contains upwards of 200 chemical compounds, 
many of these are present in small quantities 
and are not isolated. The five important 
constituents are benzene (or benzol), tolurae (or toluol), phenol 

^ - 


Constlliiieuts of coal tar. 
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(or carbolic acid), naphtlialene and anthracene. These are isolated 
by processes of distillation and subsequent refining, and in the crude 
or refined form are used for the manufacture of the dyes, drugs or 
chemicals already mentioned. Another product of commercial 
importance is the creosote oil so largely used in the wood pickling 
industry ; each ton of tar yields about 17 gallons of creosote oils. 

The importance of coal tar in any development of the “ fine 
chemical ” industries is obvious, and the possibility of any such 
development in India depends on the amounts of coal tar avail- 
able in the country, and also on the richness of Indian tars in the 
important constituents from which the valuable chemicals already 
enumerated are manufactured. 

At the present time, the quantity of coke being made in India 
is approximately 520,000 tons per annum, yielding about 8,000 tons 
of tar*. Assuming that the content of benzene, toluene and phenol 
is the same as in European tar, this would yield approximately 
per annum twenty-two thousand gallons of crude benzol (benzene and 
toluene) and six thousand five hundred gallons of carbolic acid. 

The introduction of scrubbing plant for recovering benzene 
and toluene from the coke oven gases mig];^t yield, in addition, two 
million gallons of crude benzol. An examination of coal tar from 
Indian coals has farther proved them to be relatively poor in phenols, 
so that the figures given above are probably too high. 

A comparison of some of these figures with the corresponding 
figures for Great Britain and America are of interest. In Great 
Britain, in 1916, fourteen and a half million tons of coal were coked 
in by-product coking plants, and in America, in 1915, 20 million 
tons were coked in by-product ovens and 42 millions in beehive 
ovens. The output of benzol (crude benzene) in the United States 
of America in 1914 is stated to have been four and a half milhon 
gallons and this had risen by 1917 to forty million gallons. 

It is quite clear that the amounts of tar available in India under 
present conditions are quite insufficient to start a large coal tar 
industry. It, therefore, appears that the only method by which 
the coal tar industry could be developed in Incjia, would be to coke 
at the pit head all suitable Indian coal, and to send the tar and also 
the oils recovered from the oven gases to a central refinery. Such a 

• All this tar is not mnnufactiired in by-product recovery plants. If th’s were done 
approximately 16,000 tons of tar would become available, since 1000 tons of Indian 
coal are said to yield ijjbout 21-4 tons of tar. 
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scheme would have the advantage of diminishing the smoke 
nuisance caused hy the buming of coal ; but at present, this nuisance 
is not so prominent in India, as in Western countries. Large 
quantities of combustible gas and of ammonia would also be 
produced. The former could probably be used for the generation 
of electric power on a large scale, and the ammonia would be 
converted into sulphate. In most countries, the ammonium sulphate 
thus obtained would be used as a fertiliser, but as India already 
exports 2,000 out of her 3,000 tons of ammonium sulphate now 
manufactured, the question of the disposal of much larger quantities 
of sulphate needs careful consideration. 

F . — Vegetable OiZs. 

The Empire’s resources in oil seeds are probably next in hnpoit- 

^ ance to its coal and mineral resources. This is' 

Uses of vegetable oils. . , j ^ ^ , 

largely due to the mcreasmg importance of 

the products obtained from such seeds. The world’s demands for 

all types of soaps have increased enormously within recent 

years ; and vegetable oils and tallow are the raw materials 

from which such soaps are manufactured. The higher grades 

of oil are of general use for culinary purposes. At one time 

olive oil was the staple domestic oil in Europe, but at the present 

time groundnut, cotton seed and gingelly oils are also used. 

The increased demands for smokeless powders and explosives of 

the dynamite and cordite types have necessitated the production 

of glycerine on a larger scale, and the greater part of this has been 

obtained from soap and candle factories. 

The '^introduction into America and Europe of butter substi- 
tutes has opened up a new held for the use of vegetable oils, whioh 
has been increased to an enormous extent by the process of hardening 
oils by hydrogenation. By this process, the consistency of a liquid 
vegetable oil such as groundnut can be altered to that of a pasty 
solid, analogous to butter, or to that of a hard solid suitable for 
candle making. Vegetable oils are -also used for lubricating pur- 
poses, as illuminants and also in medicine. 

The British Empire is fortunate in having within its confines 
two countries, India and Bast and West Africa, the vegetable oil 
resources of which are of vast proportions. The chief oil seeds 
produced in India are linseed, cotton-seed, cocoanut, rape, ground- 
nut, castor, sesamum and maJiua, Table 13 gives the total exports 
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of oil seeds, oils and oil seed cakes from India, whilst in Tables 14 
to 22 are given the areas under cultivation, the probable total seed crop 
and the quantities of seeds, oils and oil cakes exported, for the 
more important varieties. These tables indicate that large quantities 
of the oil seeds and their products are litilised in the country. 


Table IS. — Exports of oil seeds, oils and oilcakes from India. 


Year. 

On. sunns. 

On.8. 

Oilcakes. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 


Tons. 

£ 

Gallons. 

£ 

Tons. 

£ 

1912-13 . 

1,217,089 

16^22,009 

24,489,692 

571,946 

161,785 

821,387 

1913-14 . 

1,672,792 

17,000,386 

25,991,315 

667,086 

175,313 

920,249 

1914-15 . 

946,727 

' 9,669,897 

30,245,661 

701^67 

136,932 


1915-16 . 

641,983 

6,582,017 

33,081.367 

812,671 

150,286 


1916-17 . 

919,863 

10,772,618 

30,904,841 

1,007,161 

124,906 


1917-18 . 

431,737 

6,062,062 

26,755,953 

1,326,441 

86,159 



Table 14. — Linseed 


Year. 

Production. 

Imports into India. 

* 

Exports prom India. 

Area under. 
Qultivation. 

Yield, 
of seed. 

Quantity. 

Value. 

Quantity. 

Value. 


Acres. 

Tons. 

Tons. 

£ 

Tons. 

£ .. 

1910-11 . 

3,742,400 

571,300 

... 

... 

... 

... 

1911-12 . 

5,038,000 

664,900 

... 

... 


... 

1912-13 . 

4,124,900 

542,100 

398 

4,672 

354,489 

SM8M3 

1913-14 . 

3,031,000 

386,200 

596 

5,047 

413,873 

d,m.m 

1914-15 . 

3,325,000 

397,000 

2,191 

22,093 

321,576 

VfSVS ydll 

1915-16 . 

1 3,333,000 

476,000 

718 

7,017 

192,987 

l,98g,782 

1916-17 . 

3,632,000 

620,000 

112 

974 

394,103 

1 

4,759,007 

1917-18 . 

... 

... 

36 

312 

140,676 

, 1,716,552 
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Table 15 . — Imports and exports of linseed oil. 



Gkllons. 


1012-13 


56,401 

58,817 

49,781 


364,961 


1913-14 


439,482 


1914-15 


360,484 


1916-16 


267,687 


48,555 


1916-17 


134,922 


29,570 

18,042 


1917-18 


62,995 


fS 


Table 16 . — Exports of cotton seed^ cotton seed cil and cotton seed cake. 



Gottoit seed. 

Cotton seed oil. 

Cotton seed cake. 

Year. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 


Tons. 

£ 

GkUlons. 

£ 

Tons. 

£ 

1912-13 . 

130,563 

685,127 

2,324 

318 

7,006 

36,778 

1913-14 . 

284,326 

1,416,743 

2,507 

347 

10,425 

48,157 

1914-15 . 

207,789 

1,004,524 

12,471 

1,059 

6,854 

31,660 

1916-16 . 

95,663 

445,077 

43,030 

4,031 

5,108 

23,452 

1916-17 

39,630 

203,940 

84,018 

9,979 

3,903^ 

15,489 

1917-18 

1,627 

9,056 

76,444 

9,621 

200 

800 
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Table. 18.— Rape and mustard seed.* 


Year. 

Area under 
Qultivation. 

Yield. 

Exports of 
seed. 

Exports of 
oil. 


Acres. 

Tons. 

Tons. 

Gallons. 

1912-13 .... 

5,955,800 

1,241,200 

217,800 

414,217 

1913-14 .... 

6,266,400 

1,087,500 

240,000 

407,178 

1914-15 .... 

6,507,000 

1,210,200 

96,900 

413,189 

1915-16 .... 

6,437,000 

1,102,100 

95,200 

465,735 

1916-17 .... 

6,440,000 

1,181,200 

121,700 

574,328 

1917-18 .... 

... 

... 

59,100 

488,771 


* la 1912 the United Kingdom imported 187,000 quarters of rapeseed and in the same 
year Fiance 66,000 tons (in addition to about 50,000 tons produced in the countiy) 
and Germany 125,700 tons. Pure mustard oil does not appear to be produced in India, 
the seed being as a rule pressed mixed with rape seed. 


Table 19 . — Sesamum. 


Year. 

Pboductiox. 

Export op serd. 

Area under 
cultiTation. 

Yield. 

Quantity. 

Value. 


Acres. 

Tons. 

Tons. 

£ 

1912-13 .... 

4.989,500 

474,000 

77,800 


1913-14 .... 

6,076,000 

403,500 

112,200 

U796M1 

1914-15 .... 

5,565,000 

561,000 

46,700 

711,835 

1915-16 .... 

6,170,000 

501,000 

13,700 

164,170 

1916-17 .... 

... 

... 

83,700 

1,088,723 

1917-18 .... 

... 


16,000 
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Table 20 . — Groundnut, 


Year. 

Production. 

Exp'rt of 
ground- 
nuts. 

Export of 
ground- 
nut oil. 

Export of 
ground- 
nut cakes. 

Area. 

Yield 
[nuts in 
shell]. 


Acres. 

1 

Tons. 

Tons. 

Gallons. 

Tons. 

1912-13 

1,366,400 

660,900 

243,350 

227,063 

62,396 

1913-U 

2,105,900 

748,800 

277,907 

288,190 

62,020 

1914-15 

2,413,000 

947,000 

138,322 

223,363 

64,374 

1915-16 

1,673,000 

1,058,000 

175,443 

372,538 

81,514 

1910-] 7 

2,317,000 

1,147.000 

143,794 

982,253 

54.325 

-1917-18 

... 

... 

118,132 

... 

49,900 


Table 21 . — Castor, 


Year. 

Exports or castor 

SEED. 

Exports of castor 

OIL. 

Quantity. 

Value. 

, Quantity. 

Value. 





Tons. 

£ 

Gallons. 

£ 

1912-13 


. 

- 

110,630 

1,092,171 

954,495 

90,285 

1913-14 




134,888 

1,336,649 


92,504 

1914-15 




82,815 

773,289. 

898,269 

83,650 

1016-16 




87,948 

802, m - 

1,451,655 

129,301 

1916-17 




92,447 

957,207 

1,723,469 

174,110 

1017-18 




86,101 

1,017,373 

\ 

2,086,038 

255,560 
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Tabuq 22. — Exports of Mdhua or Mowhra seed* 

— T— I 

Year. ■* Quantity. Value. 


Tond. £ 

1912- 13 13.293 U2m 

33,298 263,634 

1914-15 7,437 60,674 

1913- 16 4L,216 24,327 

1916- 17 4.239 26,430 

1917- 18 


y,B . — ^Figoiee for exports of oil and cake aie not available. 


The figures given in table 13 and also those given in the tables 
for the individual oils clearly demonstrate that in the past the 
Indian trade has been mainly in the raw material, i,e., oil seeds rather 
than in the finished products, refined oils and oil seed cakes. 

In Europe and America, the oil pressing industry has made 
rapid progress during recent years. Improved 
yields of oil from the seeds, obtained by the 
use of more efiGicient plant either in the form 
of hydraulic presses or solvent extraction plant, improvements 
in the quality of the oil, effected both by greater care in decort- 
icating the seed before pressing, by the regulation of tempera- 
ture during pressing, by improved methods of refinement after 
pressing, and by careful scientific control of all the processes bave 
been characteristic of this development. Attention has also been 
paid to the residues left after the removal of the oil. Certain seeds, 
such as castor, yield cakes which, owing to the presence of poison- 
ous substances, can be used for fertilising purposes only ; other 
seeds, the most important of which are linseed, cotton seed and 
groundnut, yield cakes which have a high nutritive value and are 
largely iised for feeding cattle- Improvements have taken place 
in the direction of manufacturing mixed feeding cakes, and still 
more recently, of producing a -flour of high protein content suitable 
for human consumption. In America, the production of a cotton 
seed cake meal has met with success and the flour mixed with 
wfaeaten flour is used for making bread. The cake from ground- 
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■v^'ould have to be exported ; and the possibility of her competing 
piofitably with Europe and America in such export trade needs 
careful consideration. It is quite possible that the demand for 
feeding cakes in India might be stimulated and the use of the cakes 
as nitrogenous fertilisers increased (see Fertilisers, p. 104), but she 
w'ould always have a surplus for export. The increased use of 
nitrogenous fertilisers affects not only the question of the possible 
development of the scientific methods of oil pressing in India, 
but also the development of a coal tar industry (page 77). 

The following is a summary given by E. W. Thompson (J. Soc. 
Chem. Ind., 1918, 57,166 E), of the directions in which expansion 
of the oil seed industry in the British Empire should be encouiaged: — 

(1) Extraction of the oil by the solvent process, in order to 

obtain better yields - of oil, but without extracting 
deleterious substances. The process used should not be 
subject to great fire risk. 

(2) Treatment of the residual meal to free it from all traces 

of solvent and so render it a high-grade cattle food. 

(3) Eefim'ng of the oils by methods which cause the least possible 

loss and which will produce the highest grades of edible 
oils, tasteless and odourless, both liquid and solid. 

(4) Utilisation to the best advantage of the by-products of 

refining, in order to recover the fatty acids free from 
objectionable odour and from foreign matter, and the 
transformation of the recovered acids into the finest soaps 
and other useful merchandise. 

(5) The production of high-grade flours suitable for replacing, 

or mixing with, wheaten flour for making bread. 

(6) Treatment of recovered' fibres for use in explosives or 

artificial silk manufacture or of other types of profitable 
merchandise. 

These are directions in which improvements should be made 
in India. It is possible that the solvent extraction process may not 
be so suitable for India as for England, but unquestionably improve- 
ments in methods of preliminary treatment, of pressing and refining 
the utilisation of waste products such as hulls, etc,, and the manu- 
facture ,of high-grade ‘ soaps, glycerine and candles are subjects 
worthy of close attention. 

Another problem which deserves serious consideration, on account 
of the high price of ghi and its persistent adulteration, is the manu- 
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nuts, has undertaken the growth of soya bean, and is 
planting 200,000 acres of land with Indian oastor seeds* 
Castor is also being cultivated in Brazil and the West 
Indies. All these activities indicate an appreciable 
increase in the world’s supplies of vegetable oils, which 
should be met with increased demands, if prices are not 
to fall. 

(4) The country ghanis entail a relatively small initial expendi- 

ture and are cheap to run. The possibility of retaining 
this method of pressing and of sending the crude oil 
to central refineries and the cake which is rich in oil,, 
to extraction factories, is also to be remembered. 

(5) A large proportion of the oil manufactured at the present 

time in India is characterised by its high acid value, 
which indicates a decomposition of the oil into fatty 
acids, and glycerine, due to the non-destruction of 
enzymatic ferments present in the seed. The high acid 
value is met with particularly in the case of ground- 
nut and cocoanut oils and to a less extent in castor 
oils. It is not uncommon to meet with Indian vege- 
table oils containing 25 or 30 per cent, of free fatty 
acids and the purchase of such oils at a low figure and 
the removal of the free glycerine by water extraction 
is a commercial possibility. The high acid values of 
such oils render them liable to rancidity and unsuited 
for many industrial purposes, and, so long as Indian 
oils are liable to this defect, they will not find favour 
in foreign markets. It would be extremely difi&cult to 
obtain an oil of standard quality and suitable for export 
by developing the industry by means of increasing the 
number of small pressing factories. 

On the whole, it is probable that the best method is that of 
introducing modem plant — ^Anglo-American and cage presses for 
certain types of seed, and solvent extraction plant for others, e.g., 
Vateria indica. In such factories careful preliminary treatment of 
the seed, as regards sorting and decorticating, and suitable refining 
of the oils would be necessary. The methods of disposal of the 
resulting cakes or meal require careful attention. Under present 
conditions, India herself could not make use of all the cakes or 
meal manufactured, and for a long time, the bulk of such products 
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would have to be exported ; and the possibility of her competing 
profitably with Europe and America in such export trade needs 
careful consideration. It is quite possible that the demand for 
feeding cakes in India might be stimulated and the use of the cakes 
as nitrogenous fertilisers increased (see Fertilisers, p. 104), but she 
would always have a surplus for export. The increased use of 
nitrogenous fertilisers affects not only the question of the possible 
development of the scientific methods of oil pressing in India, 
but also the development of a coal tar industry (page 77). 

The following ^ a summary given by E. W. Thompson (J- Soc, 
Chem. Ind., 1918, 37,166 E), of the directions in which expansion 
of the oil seed industry in the British Empire should be encouraged: — 

(1) Extraction of the oil by the solvent process, in order to 

obtain better yields , of oil, but without extracting 
deleterious substances. The process used should not be 
subject to great fire risk. 

(2) Treatment of the residual meal to free it from all traces 

of solvent and so render .it ^ high-grade cattle food. 

(5) Eefining of the oils by methods which cause the least possible 

loss and which will produce the highest grades of edible 
oils, tasteless and odourless, both liquid and solid. 

(4) Utilisation to the best advantage of the by-products of 
refining, in order to recover the fatty acids free from 
objectionable odour and from foreign ^ matter, and the 
transformation of the recovered acids into the finest soaps 
and other useful merchandise. 

(6) The production of high-grade flours suitable for replacing, 

or mixing with, wheaten flour for making bread. 

(6) Treatment of recovered" fibres for use in explosives or 
artificial silk manufacture or of other types of profitable 
merchandise. 

These are directions in which improvements should be made 
in India. It is possible that the solvent extraction process may not 
be so suitable for India as for England, but unquestionably improve- 
ments in methods of preliminary treatment, of pressing and refining 
the utilisation of waste products such as hulls, etc., and the manu- 
facture ,of high-grade soaps, glycerine and candles are subjects 
worthy of close attention. 

Another problem which deserves serious consideration, on account 
of the high price of ghi and its persistent adulteration, is the manu- 
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facture in India of pure vegetable substitutes for ghi^ more or less 
of the nature of European and American margarines. 

Linseed is one of the most important seeds grown in India, and 
Unseed oil although the largest producer, she has not a 

monopoly, as it is also cultivated in Europe, 
and in North and South America. The area under cultivation for 
this crop and the total amount of seed available are shown in 
table 14 (p. 78). 

Large quantities of the seed, which contain from 37 to 43 per 
cent, of oil, are pressed in India and oil of good quality is now 
readily obtainable. Formerly, large amounts of the oil were 
imported ; this was due both to the superior quality and the lower 
price of the imported oil. The latter was^ largely owing to the 
good price fetched by the cake in Europe, whilst in India the market 
for this is limited, and the price of the oil has also to cover the value 
of the cake- In tables 14 and 16 (pp. 78 and 79) are given figures for 
the imports and exports of the seed and oil. The imports of seed are 
mainly from countries such as Persia where presses are not available. 

Raw and boiled linseed oil, the latter being made by heating 
the oil to a temperature of 160° in the presence of substances such 
as litharge, are used mainly in the manufacture of paints 
and varnishes, for which purpose the oil has hardly a competitor. 
Its use in the paint industry is due to its valuable property of 
hardenmg and drying when exposed to the air, especially in the 
presence of driers. The oil from the soya bean, which is in- 
digenous to China, Manchuria and Japan, is also a drying oil and 
is largely used in America for making paints. Although inferior to 
linseed oil, it is frequently used as a substitute when the price of 
linseed oil is high. It is also frequently used as a substitute for 
cotton seed oil. The cake obtained from the presses has a high 
nutritive value. 

The cotton seed oil industry in India is still in its infancy. 

Cotton seed oil. although attempts at developing it have been 
made in Sombay. Cotton seed oil is expressed 
in Great Britain, but the industry has been brought to a high state 
of development in America. The area under cotton in In diR has 
varied from 26,023,000 acres in 1918-14 to 17,967,000 acres in 
1915-16, which means that, if all the seed were worked for oil, some 
500,000 tons of oil would be available. Much of the seed is, how- 
ever, at the present time fed direct to cattle as food. 
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In America, prior to pressing, the seed is decorticated and a 
practically colourless oil which requires very little refining 
is obtained. It is also essential that the seeds should be pressed 
as soon as possible after ginning, as they rapidly deteriorate, and this 
is one reason why the American oil is superior to the British. This 
deterioration of Indian and American uplands seeds on storage- 
is mainly due to the lint retaining moisture, which facilitates 
bacterial fermentation. The heat produced by this fermentation 
induces hydrolysis of the oils and the liberation of free fatty acids. 
The fermentation is intensified when broken or damaged seeds 
are present, as they so frequently are (on the average about 8 per 
cent, in Indian seed) owing to careless ginning. As Indian seeds 
differ not only from Egyptian black or “ naked seeds, but also from 
the American ‘‘ uplands ” seeds, the preliminary treatment such as- 
delinting and decorticating may require special types of machinery. 
So far but few attempts have been made with Indian seed to reach 
the high degree of efficiency obtained in the treatment of American, 
seed. 

The oil obtained from Indian seeds is, as a rule, not of the same 
high quality as that from Egyptian or American seeds and the 
costs of refining are therefore higher. The oil content of the Indian 
seed is somewhat low, being about 18 per cent, as compared with 
the American 23 per cent., but the efforts now being made fofr improv- 
ing the standard of Indian cotton may also raise the oil content 
of the seed. The hi^-grade oil obtained in Europe and America 
is used mainly as an edible oil in place of olive oil and also in the 
manufacture of butter substitutes, whilst lower grades are used for 
the manufacture of soap. The by-products obtained from cotton, 
seed pressing are of great value, the hulls being used as a cattle 
food and the meal as a wheat substitute.* 

In table 16 (p. 79) exports of cotton seed, cotton seed oil 
and cake are shown, whilst for the purposes of comparison a few 
American figures are given in Table 17. 

Bape oil is widely grown in European countries, but India is 
probably the largest centre of production in 
Rape oU (colza oil). cultivation and 

the quantity of seed available is shown in table 18 (p. 80). 

* For Bummaries of cotton seed ptoduota see Joinnal Society Chemical Indnstiy, 1917,. 
Ze. 685 s 1918, Z7. 118 T and 166 R. 
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The seed contains from 42 to 45 per cent, of oil, which is either, 
obtained by expression or solvent extraction, the latter method' 
which is not in use in India to any considerable extent, being said 
to yield the purer oil. The oil is mainly used for edible purposes, 
for anointing the body and as a lubricant. Small quantities are 
also used for illuminating purposes and for soap making. The 
cake is an excellent cattle food. The exports of both the seed 
and the oil are very large and are also shown in table 18 (p. 80). ^ 
Sesamum oil, which is also known as til or gingelly oil, is obtained 
from the various varieties of sesamum. It is 
esamiim 01 . grown mainly in Ii^ia, although it is culti- 
vated to some extent in Java, China, Japan, Africa and South 
America. The area under cultivation in India and also the quantity 
of seed produced is shown in table 19 (p. 80). ' 

The oil which is present in the seeds, to the extent of about 44 
per cent., is obtained by cold expression. The Indian oil, owing 
to lack of care in expression, is usually of poor quality. ' It is mtainly 
used for culinary purposes and for anointing the body. Very 
little oil is exported from India, although it is largely pressed. 
The export of seeds is considerable, since by law in certain countries 
the presence of this oil is required in all artificial butters. In France 
the lower qualities are used in the manufacture of soap and for 
lubrication. The cake is a valuable cattle food. The exports of 
the seed are also shown in table 19 (p. 80). 

This oil is very widely grown throughout the world. In India 
it is mainly grown in Madras, Bombay and 
nutSl?** Burma. The area under cultiyation and the 

approximate yield of the nut is shown in 

table 20 (p. 81). 

To obtain a high-grade oil it is essential for the seeds to be 
decorticated before expression, whilst the red skin which covers 
the seed must also be removed/ The best oil is then obtained by 
cold expression. The cold pressed oil is used practically ^solely 
as an edible oil, the less pure oils being used for soap making and as 
lubricants. The press cake is a valuable cattle food, and recently Mr. 
Mackenzie Wallis in Bombay has showm that it can with advantage 
be used for mixing with wheat flour for human consumption.;. 

The expoirts of the oil from India are large and the seeds "are. 
also exported to France and the United Kingdom. Prior to export, ' 
the seeds are frequently decorticated, but the oil from such see^ 
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is of little value except for use as a soap stock. The exports of the 
iiut, oil and oil cake are also shown in table 20 (p. 81). 

The oil obtained from the seed of the Eicinus ammunis^ castoi 

^ ^ „ oil, has become of enhanced importance owing 

Castor oil. ^ j j * xi. i i. • i 

to its extended use m the lubrication ol 

^ero-engines. In 1914, England produced 15,000 tons of the oil. 

^-hereas in 1918 the figure was 45,000 tons, practically all from 

Indian-grown seed, India is the main source of the world’s supply, 

a-lthough the castor plant is grown to some extent elsewhere. It 

lias not proved possible to obtain exact figures for the area under 

onltivation, although it is known to be large. 

The best oil is obtained from the decorticated seed by cold 
-expression, a lower quality being obtained by expression of the 
Ixeated seed. The oil, when obtained by cold expression, is used 
eiS a high-grade lubricant and for medicinal purposes ; the lower 
•(^[iialities are used as lubricants, for the manufacture of transparent 
soaps, preserving leather and in the manufacture of adhesive gums. 
“When treated with sulphuric acid, it yields what is known as “ Turkey 
red oil ” which is largely used in alizarine dyeing and in finishing 
oertain grades of leather. Appreciable amounts of this oil have 
Yieen made in India duribg the last few years, but the continuation 
of the production largely depends upon the future price of sulphuric 
a.cid in India. 

The cake, an excellent fertiliser, is much used both in India 
a.iid in Europe ; it is valueless as a cattle food owing to the presence 
of a poisonous compound known as ricinin. 

The exports of both the seed and the oil are very large (see table 
21 (p. 81). 

This oil is obtained from the fruit of the tree, Cocoa nucifera, 

Cocoanutoil is cultivated mainly on the West "Coast. 

It is not necessary to deal with this oil here, as 
trliere is a separate article on the cocoanut industry elsewhere (see 
P- 274). 

Mowhra seed oil obtained from the seeds of Basaia latifolia is 
used largely in India as an edible oil, being 
ow ra see 0 . ^ yellow fat which readily bleaches on exposure 

tio the air. Prior to the war, the seeds were exported in large 
<i'u.antities mainly to France, but latterly the e;s:port has greatly 
decreased, see table 22 (p. 82). The cake, -which is poisonous, 
is somewhat difficult to dispose of, since it can only be used as a 


Cocoanut oil. 


Mowhra seed oil. 
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fertiliser. The oil frequently contains large amounts of free fatty 
acids. It is used in India as a substitute for tallow and is also 
used for external application in the treatment of skin diseases. 

The oil from the closely related species, Bassia longifoUa, which 
grows in South India is used in the manufacture of chocolates and 
also for candle making. 

There are numerous other oil seeds which are grown in India 
and which are expressed and used locally. Many of these could,, 
doubtless, find a good market. Amongst the more important,., 
which appear to be worthy of investigation, the following may be 
mentioned : — ^hemp seed oil, niger seed oil, sunflower oil, croton 
oil, rice oil, rubber seed oil, domba oil {Calophyllum inophyllum)^ 
kokum or goa butter (Gardnia indica); malabar tallow {Vateria 
indica), nim or margosa oil, (MeUa atadiracJita), and pongam or 
hongay oil (Pongamia glabra). 

VI. — Essential Oils. 

The East is usually regarded as the source of some of the most 
important scents and spices. In India occur many of the raw 
materials from which scents in the form of volatile or essential oils 
are manufactiured. 

The following list gives the names of 14 oils quoted in the Monthly 
Market Beport of the Perfumery and Essential Oil Becord, and 
obtained from raw materials grown in India and Ceylon i-r-anise 
oil, cardamom oil, cinnamon oil, cinnamon leaf oil, coriander oil, East 
Indian dill oil, ginger oil, sandalwood oil, thymol, vetivert oil, 
lemongrass oil, palmarosa oil, gingergrass oil and citronella oil. 
Some of these, such as cardamom, sandalwood, thymol, palmarosa, 
are obtained from products grown only in India and Ceylon ; the 
others are also obtained from raw materials grown in other 
countries. 

’ old fashioned Indian method, a method which is still in vogue 
in many districts, was to mix the raw material in a fine state of 
division with water in a copper or iron vessel which was heated 
over a free fire. In many cases passing steam through the finely 
divided material yields a better product and is more economica) 
to work, i.e., it requires less fuel in order to manufacture a given 
wei^t of oil. 

Before 1914, the only oils actually manufactured in appreciable 
quantities and exported were lemongrass, palmarosa, gingergrass 
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and citronella. In piactically all other cases, the raw materials 
were exported and distilled in Europe or America. Probably the 
only reason why the above mentioned oils were distilled in the 
country was that they are obtained from grasses, and the freight 
charges of such would be relatively high and the yields diminished 
during the long journeys. Since 1914:, various developments have 
taken place in the distillation of essential oils. 


The Mysore Government have stopped their annual auction 


Sandalwood oil. 


sales of sandal wood and now distil practi- 
cally all their wood in two factories erected 


by the Government in the State (see p. 413). 


The production of thymol from ajimn seed has been taken up by 
several firms, and at least two of these are pro- 
ducing high-grade thymol crystals comparable 
with those manufactured in Germany before 1914. The manufacture 
of thymol in India presents several points of extreme interest. The 
oil content of the a/jivan seed varies considerably and the possibility of 
increasing the percentage of oil and of thymol by greater care in 
cultivation requires careful investigation. The seeds were distilled 
in Germany and the thymol sold at a price which covered the costs 
of the seeds and of distillation, all profits being made out of the 
sale of the by-products, viz., spent seed, thymene oil and thymol 
water. The spent seed is an excellent cattle food, but so far has 
not found much favour in India. The thymene oil is a cheap 
scent useful for scenting soap, but the demand in India appears 
to be very limited. 


Although India was practically the only country in which 
{Ga/rum copticum) was grown in large quantities in pre-war times, 
the plant is now grown in several other countries and, in addition, 
other sources of th3rmol have been investigated, viz.. Thymus 
vulgaris, or a mixed species of thyme, in Spain and Monada puno^ 
tata in America. All these points have to be taken into considera- 
tion in discussing the probabilities of the remunerative distillation 
of ajwcm seed in India in the future. 


Much of the lemongrass oil exported on the West Coast has a 


LemongrsBS oil. 


dark colour and a relatively low citral content 
and hence fetches a low price on the European 


markets. A firm in Cochin is erecting special stills for refining 


much of the dark coloured oil before it is exported. 


o 
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Citronella oil. 


The chief source of citronella oil was Ceylon, but appreciable 
quantities are now being distilled in Burma 
arfd exported. 

It has been shown that the yield of Palmarosa oil can be increased 
^ . „ appreciably by substituting steam distillation 

for the old process of boilmg with water. 

Attempts have been made to develop the distillation of carda- 
moms and although oil of excellent quality 
ardamomo . produced (see Perfumery and 

Essential Oil Record, 1918, 9, 31), the demand for the oil on 
the European markets does not appear to be sufficient to justify 
large scale distillation. 

Attempts have also been made to distil in India dill oil, the 
essential oil from Bardmchia pinnata, and several other oils. It 
is highly probable that various other oils might be distilled with 
profit in India. The cus-cus roots from certain districts in India 
appear to yield a high-grade vetivert oil, an oil of high price and the 
basis of most high-grade perfumes. On the Nilgiris, a certain amount 
of leaves of Eucalyptus globulus are distilled for the production of 
eucalyptus oil. It is highly probable that the distillation might 
be extended and improved and also that other species of eucalyptus 
oil might be grown for distillation purposes. 

A considerable amount of the Indian variety . of Chenopodium 
amhrosiodes has been grown in Assam and 
the oil distilled. It is being used as a substi* 


Worm seed olL 


tute for thymol in hook-worm disease. 

The whole subject of essential oil and perfume manufacture 
requires much more careful consideration than it has received. 
The possibility of improving the yields and the qualities of the 
•oils by suitable cultivation, the distillation of certain raw materials 
at present not used to any appreciable extent, the cultivation of 
plants known to give essential oils, but hitherto not cultivated in. 
India, the best methods of isolating the oils and the best type of 
plant to use in each case, the processes of .extraction and enf/^To^s 
and the re fi n ing of the oils and perfumes are all of them problems 
which call for scientific treatment. (For a nummary on Indian 
Essential Oils see Journal of the Indian Institute of Science, 1918, 
Vol. II, p. 13.) Table 23 shows the export of some of the raw 
materials used in the essential oil industry. 



Table 23 . — Exports of taw materials for essential oils. 
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F//. — Alkaloids. 

The alkaloids are basic substances extracted from certain plant 
tissues and find their chief use in medicine. The g^ntities 
req^uired are not large, but when pure they fetch a relatively high 
price which should cover the costs of collection and extraction. 

India is extremely rich in plants containing alkaloids of 
commercial value, and its great variety of climates renders it suit- 
able for the extended cultivation of alkaloidal plants. Up to the 
present, only two products from which alkaloids are obtained, 
namely, cinchona and opium, have received any detailed attention. 
In both cases, the cultivation of the necessary plants and the extraction 
of the alkaloids have been undertaken by Government. 

The fascinating history of the introduction into India of the 
cinchona plant and of its subsequent cultiva- 
Quinlne^ tion in the Nilgiris and in Bengal has been 

adequately described elsewhere (Watt’s Commercial Products of 
India, p. 302), and every effort is still being made to extend the area 
under cultivation in order to meet the increasing demands. The 
present area is about 6,000 acres, whilst the output of quinine 
and its salts from the factories is shown in table 24. The supply is, 
however, unable to meet the demand and, as will be seen from the 
following (Tables 25 and 26) considerable quantities of quinine and' 
its salts are imported. 


Table 24. — Output of Quinine and salts from the Bengal and Madras 

Quinine factories. 


Year. 

1 

I 

a 

I 

1 

•S 

I 

< 

1 

I 

9 

! 

i 

1 

s 

1 

Qnlnlno Hydrocliloride 
acldnm. 

1 

1 

|1 

p ** 


1138. 

lbs. 

lbs. 

IbB. 

Iba. 

ICB. 

Iba. 

II'B. 

Jbs. 

Bengal. 










1915-16 

41,814 

1,395 1 

1.429 







1916-17 





iis 

i23 




1917-18 

29,417 

8,^8 

1,261 


60 


.. 



MadioB. 




1 






1915-16 . 

82,688 

, . 





260 

50 

60 

1916-17 . 

62,618 

, , 





1,776 

2,191 


1917-18 . 

66,014 


84 


-■ 

•• 

1,727 


•• 
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Table 26. — Imports of Quinine and its alkaloids {inchidi^ng cm^ 
chona and Peruvian hark). 


Year. 

Quantity. 

Value. 


Tons. 

£ 

1912-13 

47 

71,609 

1013-14 

52 

102,441 

1914-15 

31 

85,17S 


Table 26. — Imports of Quinine and Quinine salts and Cinchona hark. 


Year, 

QniJUKS ANH QvimsiE 
S&Ll'S. 

ClNOHUZTA BABK. 

Quantity. 

Value. 

Quantity. 

Value. 


Tons 

£ 

Tona 

£ 

1915-10 .... 

43 

109,609 

009 

201 

1916-17 .... 

21 

107,017 

032 

97 

1917-18 .... 

29 

106,660 

2-0 

165 


Stryclmirie 

lirudne. 


and 


The extraction of opium and the manufacture of morphine is 
Motphlne undertaken at the Opium Factory, Ghazi- 

pur, and recent research by Mr. Amiett and. 
his collaborators has much improved the processes in use. 

Eanking next in importance is the alkaloid strychnine, which, 
mixed with brucine, occurs in Strychnos nux 
vomica to the extent of 1-6 per cent. Prior 
to the war, the seeds were exported mainly 
from Bombay, Madras and Cochin and extracted in Great Britain 
and elsewhere, but recently attempts have been made to carry out 
the extraction in India. As the process of extraction is compara- 
tively simple, it is hoped, that when times once more become normal 
and plant and technical assistance are more readily obtainable, the 
export of the seed will cease, its place being taken by the purified 
allmloids. 
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Table 27 . — Exports of nux vomica (strychnine). 


Year. 

Quantity. 

Value. 








Tons. 

6 

1912-13 . 







2,076 

i4,m 

1918-14 . 







2,307 

27, m 

1914-15 . 







1,668 

; 14,S56 

1916-16 ^ 







2,961 

30,760 

1916-17 . 







2,807 

30,537 

1917-18 . 





• 


1,962 j 

25,320 


Eigarea for tho import of the alkaloids atryohnine and brucine are not available. 


Caffeine, a valuable drug used in certain types of neuralgia 
Caffeine. kindred diseases, is present in tea, and, 

to a small extent, in coffee. It is occasion- 
ally made from tea damaged during transit, but usually from what 
is known as “ waste tea ” which consists mainly of tea fluff, or the 
hairs of the leaf buds of the tea plant. These accumulate in consi- 
derable quantities during the manufacture of tea. Some idea of 
the extent of the caffeine industry may be gathered from the 
fact that, in 1912-13, two and three quarter million pounds of 
this material were exported from India. 

Tea fluff is an extremely bulky substance, and the freight charges 
from India to the countries where it is used for making caffeine are 
proportionately large. The process of manufacture of caffeine is 
not complicated, and there seem to be few reasons why it should 
not be carried out in this country. Perhaps the greatest objection 
lies in the fact that about half the exports of waste tea are to the 
United States ; and attempts to send the finished article to the 
same destination would be subject to heavy import duties. In 
spite of these difficulties, however, it should be possible to make 
caffeine in the country of its origin. 

^ Experiments are now in progress at the Indian Institute of 
Science to devise simple means whereby at least the first operations 
of caffeine manufacture could be carried out in the tea factories 
themselves. The impure extract might perhaps then be sent to 
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a central factory to be finally purified. The quantity of caffeine 
in variouB samples of fluff is also being determined. Taking an 
a'verage of 2 per cent, and the price of fluff in 1913 as 1-2 annas per 
pound, 100 lbs. of fluff, worth 120 annas, would yield 2 lbs. of caffeine 
w-orth in 1913 about fifteen shillings a pound or 360 annas, so that 
there is evidently an appreciable margin for profit even with a poorer 
grade of fluff than that mentioned. 

The Belladonna or solonaceous alkaloids are medicinally of great 
importance, two alkaloids being prepared in 
^ namely, atropine and 

scopolamine (hyoscine). The three chief 

sources available are Atropa belladonna, Datura stramonium and 
Datura meteloides- 

Atropa belladonna. — This herb is a native of the Western Hima- 
laya from Simla to Kashmir. The medicinal portions of the plant 
are the leaves and dried roots. 

Datura stramonium. — ^This plant grows in the temperate Hima- 
laya regions from Baluchistan and Kashmir to Sikkim. The seeds, 
are used as the source of the alkaloid. D. fatuosa which grows in 
tropical districts may also be used. 

Datura meteloides, — ^This plant is found chiefly in the North- 
West Himalaya and mountains of the Deccan. 

It appears probable that the best source of scopolamine (hyoscine) 
would be the D. meteloides {cf. Carr and Eeynolds, Joum. Chem. 
Soc., 1912 101, 946). It is separated from the seeds by per- 
colation with alcohol (90 per cent.), the alcohol removed under 
reduced pressure and the alkaloid separated by crystallisation of 
the residue from chloroform, in which it is more readily soluble 
than the other alkaloids of the group. 

It is very doubtful if atropine occurs as such in any plant. It 
is formed by treating the alkaloid hyoscyamine with very dilute 
alkali. The roots of the leaves of either A. belladonna or D. stramo- 
nium are extracted with cold alcohol (90 per cent.) and, after the 
removal of the solvent under reduced pressure, the alkaloid is 
dissolved in dilute mineral acid. The impurities (fats, etc.) are 
removed by agitation with chloroform, the acid liquid made alkaline 
with ammonia, the alkaloid extracted with -chloroform and from 
this solution the hyoscyamine is precipitated with light petroleum. 

The A. belladonna can also be used for the preparation of the 
alcohol and liquid extracts of the British Pharmacopoeia. 
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Bebeerine. 


The source of this extremely important alkaloid is the leaves 
of the Erythrox^on coca. Experiment has 
oca ne. already shown the possibility of cultivation 

in the Nilgiris, Assam and Sylhet and it has further been shown that 
the crystalline alkaloid can be extracted in India. 

There are other alkaloids which might possibly prove to be of 
economic value. 

Bebeerine occurs to the extent of from 2 to 3 per cent, in the 
bark of the Cissampeloa pareira and is men- 
tioned in the British Pharmacopoeia. It might 
be worth extracting on a small scale and there appears to be little 
diflSculty in the preparation. 

The drug ‘‘ colchicum ” which is obtained in Europe from 
Colchicine Colchicum autumnale is of very considerable 

medicinal value. It has been shown that 
Colchicum lutrum which grows in the Western Himalaya contains, 
like C. autumnale^ the alkaloid colchicine and it is possible that 
it might be used in place of the latter as a source of “colchicum.” 

Becently solutions of the alkaloid nicotine have found consider- 
able use as insecticides. The alkaloid is obtained 
from waste tobacco by mixing it with lime 
and steam distillation. 

It is hoped that the proposed formation of a Drugs Manufac- 
ture Committee will stimulate the cultivation and manufacture 
in India of these and of other alkaloids of medicinal value such as 
the aconites and emetine. 


Nicotine. 


VIII. — Natural Dyes. 

Before the introduction of aniline dyes, the natural dye industry 
was one of considerable importance, but the tendency has been for 
the synthetic largely to replace the natural dye. This replace- 
ment has been due to two causes, one the low price at which the 
aniline dyes could be marketed, and* the other the much greater 
varieties in shades and tints which could be obtained. The ques- 
tion of the relative fastness of natural and synthetic dyes is one 
frequently discussed, and the opinion is commonly expressed that 
synthetic dyes are far inferior in this respect to natural dyes. This 
view is quite erroneous. Many coal tar dyes are not fast but, on 
the other hand, some are much faster than any natural dyes. Well 
known examples are the new sulphur dyes and the indanthrene 
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blues, whicn are even faster than indigo. Some vegetable dyes are 
quite fast, e,g.y indigo, but others, e.jr., safflower and annatto, are ex- 
tremely fugitive on cotton. 

The enormous increase iu the price of coal-tar dyes immediately 
after the beginning of the war, raised the hopes of many people 
in India that a development of indigenous dyes would take place, 
and, that even after the war, such dyes would be able to compete 
v'ith synthetic dyes. Very little, however, has been done. The 
experiments made by Dr. Marsden were not promising, (Eeport 
to Government of Madras, 1916) and it must be clear to everyone 
that after the war the prices of coal-tar dyes will probably be lower 
tlian in pre-war days. Before the war, Germany had practically 
a monopoly for many classes of dyes, and could ^ her own prices. 
The war has lead to the development of a very big coal-tar dye 
industry in America and quite considerable developments in England, 
France, Italy and Japan, so that in the future the competition 
between these countries for new markets will be keen and prices 
for some time will be low. 

It is estimated that in 1917 forty-six million pounds of dyes 
were manufactured in the United States, a quantity about equal 
to the total imports of dyes prior to 1914. In the same year, Japan 
produced about ten million pounds of dyes. 

One serious dififlculty with which certain types of natural dyes 
have to contend is the climatic one. This is very well illustrated 
in the case of indigo which is obtained as an annual crop. In the 
days before synthetic indigo was introduced, the profits of the 
indigo planter were considerable and his financial position was 
such that the occasional failure of the crop did not mean disaster. 
At the present time, when the natural indigo can only just compete 
with the S3aithetic product, the loss of one year’s crop may mean 
the' difierence between profit and loss for a considerable number 
of years. 

India is extremely rich in natural dyes but it is doubtful if, apart 
fiom indigo, cutoh, safflower, turmeric, annatto and red sanders 
wood, any one of them finds more than a local use. 

Indigo is, of course, of outstanding importance and the desir- 
ability of reviving once more the cultivation 
” of this dye has been clearly recognised. If 

the natural product is to be able to compete with the synthetic 
dye much research will be necessary on the best conditions for its 
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cultivation, extraction and marketing. The investigations of the 
indigo research chemist, Mr. W. A. Davis, (Indigo Publications, 
Pusa, No. 1 — 4) have already met with considerable success. He 
has shown that much heavier crops can be obtained by the use of 
suitable fertilisers (phosphates), whilst he has also succeeded in 
placing the dye on the market, in a form which enables it to compete 
more readily with the synthetic dye. Of great importance also 
have been Mr. Hutchinson’s researches on the bacteriology of the 
processes taking place in the vat. The area under indigo cultiva- 
tion had largely increased since the outbreak of war, but the failure 
of the rains this year and a falling demand have caused a consider- 
able set back. 


Table 28. — Indigo-— wrea under cultivation and exports. 



Year. 









Value. 

19U-12 




Aorefl. 

274,476 

Tons. 

£ 

191243 




S27,046 

693 

146,756 

191844 

• m 



169,221 

547 

142,938 

191443 

• « 



145,792 

857 

699,691 

ieio46 

• m 



361,265 

2,096 

1 , 386,706 

191847 




770,000 

1,677 

1 , 382,931 

191748 




710,600 

1,466 

967,985 

191S49 

• 



300,700 




CSitch, which is obtained from the red heart wood of Acacia 
Cutch. catechu, a tree growing throughout India, 

still finds considerable application as a 
dyestuff. It is largely used for obtaining various shades of brown. 
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olive, grey, drab and black and can be used for both animal and 
vegetable fibres. Its use on wool is, however, restricted owing to 
its rendering the fibre harsh. It gives excellent results with silk. 
As a cotton dye, it can hardly compare for fastness with the mineral 
khaki dye. Of the remainiag natural dyes, red sanders wood 
{Pterocarpus saniaUnus) and sapan wood {Caesalpinia sappan), a type of 
insoluble red woods, are still used to some extent in indigo dyeing, 
whilst turmeric (from the tubers of Curcuma tinctoria) and safflower 
(the dried florets of Ca/rthamus tinctorius) are used for producing 
mixed colours in cotton dyeing generally with a chrome or a alu- 
minium mordant. Annatto (from the pulp surrounding the seeds 
of Bixa Orellana) is used to colour foodstuffs. 

Locally, many other woods such as the Morinda dtrifolia, Rubia 
sikkimensis, Ventilago madraspatna^ etc., are still used, but they are 
not of any real commercial value, nor are they likely to become 
so in competition with the synthetic dyes. 


IX. — Dismfectanta and antiseptics. 

Disinfectants may be divided roughly into two groups, inorgania 
and organic disinfectants. 

The chief members of the first group are, sodium and potassium 
permanganate, bleaching powder, hypochlorite solutions and boracic 
acid, whilst in the second group we have formaldehyde, the 
ohloramines and the acid constituents of coal tar, carbolic acid 
and the cresols. 

The manufacture of sodium permanganate, the solution of which 
is well knowm as Condy’s fluid, should offer 
little difficulty, since manganese dioxide is ob- 
tainable in large quantities at a low price and the method of prepara- 
tion is comparatively simple. The manufacture of the potassium salt 
at a reasonably low cost may offer more difficulty, as, with the 
exception of saltpetre, potassium salts are not obtainable in India 
in appreciable quantities. The cost of permanganates will also* 
be dependent on the price of sulphuric acid, which is required for 
their preparation. 

Consideration of the figures given in following table show'a 
that the imports of bleaching powder and 
bleaching materials into India are very great.. 


Permanganates. 


Bleaching Powder. 
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Table 29 . — Imports of bleaching powder and blenching muter lala. 


Tear. 

BIiEAGEINO 

FOWDEB. 

Bleaching 

MATEBLAL3. 

Quantity. 

Value. 

Quantity. 

Value- 




1 

Tons. 

£ 

Tons. 

£ 

1912-13 


. 


1 

... 

2,967 

23,620 

1913-14 


. 


... 

... 

1 3,781 

32,686 

1914-15 


. 


747 

7,878 

1 3,607 

33,089 

1910-16 


. 



17,669 

3.796 

48,052 

1916-17 


. 


1,418 

42,089 

j 

5.473 

r 

114,991 

1917-18 


■ 


1.510 

5i,6Sl 

5,012 

139,898 


The powder is used for bleaching textiles and paper pulp, whilst 
large quantities are also required for the sterilisation of water and 
for the preparation of hospital disinfectants. For these purposes, it is 
possible to substitute a sodium hypochlorite solution made by 
^electrolysing, in a suitable apparatus, a solution of common salt. 
Such bleach liquors are now in use in many mills and in large towns 
.and hospitals, and their use is likely to be extended as they can be 
easily prepared as required, and as it is also claimed that they are 
superior to the powder for bleaching fabrics preparatory to dyeing. 
‘Their use, however, will be restricted to large concerns, as liquids 
are always more difficult to transport than solids and the hypochlo- 
rite solutions are extremely unstable, a few hours exposure 
li^t sufficing largely to destroy the bleaching properties. 
Experiments are now being made in Bombay and elsewhere to prepare 
a more stable bleach liquor. Hence, although hypochlorite solu- 
tions will be more and more widely used, especially when the present 
•difficulties of obtaining plant no longer exist, the demand for 
bleaching powder is still likely to continue. 

Bleaching powder is made by treating lime with chlorine and 
it owes its valuable properties, like sodium hypochlorite solution, 
i;o the fact that it readily liberates chlorine,'^ and so, in the presence 


* Chlorine gas compresBed in cylinders is also used now for water purification. 
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of water, produces a oxidising solution whicli bleaches cloth, etc.,, 
and acts as a powerful bactericide. The manufacture in India on 
a large scale has not as yet been undertaken and cannot be, until 
a cheap source of supply of chlorine is available. Its manufacture 
will be subsidiary to the manufacture of caustic soda by electrolysis.. 
As bleaching powder is unstable and does not keep well in hot 
climates,* it is essential that it should be manufactured in India. 
Whejx mixed with boracic acid, itself a useful disinfectant, it forms 
a disinfectant, first used at Edinburgh University, known as 
“ eupad ”, the aqueous solution of which is termed “ eusol.” Boracic 
acid is no^ being made locaUy from borax imported from 
Tibet. 

Another valuable type of disinfectant which belongs to the organic 

Chloramine T properties to chlorine,. 

and which has been recently introduced by 
Cohen and Dakin, is chloramine-T, a halogen derivative of toluene. 
The raw material required for the manufacture of this substance is 
obtained by treating toluene with sulphxiric acid, and is a by-product 
in the manufacture of saccharine, the well known sugar substitute.. 
Hence the manufacture of this disinfectant is dependent on the 
development of the coal .tar industry. 

Formaldehyde is a gas which is obtained by the oxidatioli of* 
methyl alcohol, a product of the distillation 
’ of wood (see page 119). It is placed on the- 
market in the form of a 40 per cent, aqueous solution, known as 
formalin, and finds a very considerable application as a disinfec- 
tant. It is also used in the preparation of other substances o£ 
mediciaal value. 

The problem of the manufacture of carbolic acid disinfectants' 
such as “ phenyle,” “ lysol ”, etc., is oom- 
” ® ' plicated by the fact that Indian coal tars 

are extremely poor in acid constituents which are the basis of these 
disinfectants. They have, since the outbreak of war, been made 
on a small scale, but the industry is not likely to continue when 
conditions are once more normal, unless the coal tar industry 
is developed on a large scale (see page 76). 


* Experimeoits in the stabilisation of bleaching powder for use in hot climates have 
been me^eby Dr. A. N. Meldrom in Ahmedabad and a pieliminaiy note on these experi- 
ments will, it is hoped, diortly be published. (See also Jouin. Soc. Chem, Ind. 1918,. 
311 T.) 
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Imports of disinfectants other than bleaching powder are shown 
beloTV : — 

Table 30 . — Imports oj disinfectants. 


Year. 

Quantity. 

r" ' — 

Valuft, 









1 

Tons. 

£ 

1912-13 . 



• 




• 


1,260 

25,783 

1913-14 . 



• 






1,269 

26,394 

1914-15 . 



. 






1,254 

27.456 

1916-16 . 



- 






1,343 

35,553 

1916-17 



- 






1,479 

46,717 

1917-18 . 

• 

• 

• 

• 


■ 



1,671 

67,415 


X. — Fertilisers, 

Scientific agriculture insists upon the need for replacing in the 
soil the mineral constituents removed hy the crops, if the jdelds 
per acre are to be maintained. The mineral constituents essential 
for plant growth are potash and nitrogenous compounds, lime and 
phosphates. One method of replacing these mineral constitnents 
is hy the addition of stable manure, but, as this is insufficient 
in quantity, and not^ in all oases, completely effective, an industry 
of artificial fertilisers has been developed and has already reached 
enormous dimensions in -Europe and America. 

Some idea of the extent of the fertiliser industry can be gathered 
from the fact that the production of the Stassfurt mines in 1913 
was over one million tons, calculated as potash (KgO), and that (A 
'this quantity more .than 90 per cent, was used for agricultural purposes, 
and that about 70 per cent, of the total sulphuric acid production 
in North America, France and Italy in 1912 was used for the 
manufacture of superphosphates. The quantity of sulphuric acid 
used in that year for the manufacture of superphosphates for the 
world^s supply is estimated at three and a quarter million tons. 

India is essentially an agricultural country and it might be ex- 
pected to use enormous quantities of fertilisers. That this is not 
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so is shown by the figures given for the exports of bones (see 
table 31), ammonium sulphate (see p. 77) and oil cakes (see 
p. 78). 

In the planting districts, the great advantage to be gained by 
the systematic use of chemical fertilisers for such products as tea, 
coffee and rubber has long been realised, the urgent need for phos- 
phatic fertilisers in the indigo areas of Bihar and Orissa has been 
recently pointed out (Davis, IndigcT Publications, Pusa, I to 4) and 
the value of fertilisers in increasing crops such as sugar-cane and 
cotton is beginning to be appreciated in this country. But apart 
from such special crops, it is correct to say that the ordinary 
Indian cultivator has not realised the importance of the application 
of suitable fertilisers to his land. As agricultural education permeates 
the masses of small cultivators and as the number of agricultural banks 
and co-operative societies grows, the demands for these fertilisers 
will increase, but to what extent it is impossible to say. 

The chief phosphatic fertilisers are {a) bones in the form of 
bone meal, (6) superphosphates manufactured 
from bones and sulphuric acid or from the 
natural mineral phosphates and sulphuric acid and (c) basic slag ob- 
tained from the iron and steel works. 

Table 31, which gives the exports of bones from India for the years 
1913-14 to 1917-18, shows that India has a reserve of phosphatic 
mateiial which she does not utilise. 


Table 31. — Exyort of "bones from India from 1913 — 1918. 


Years. 

Quantity. 

' 1 

1 Valne. 

i 

1 

1 

1 

Tons. 

£ 

1913-U ' 

105,413 

621^33 

19U-1S , 

63.975 

319,663 

1916-16 

50.636 

235,683 

1916-17 

' 42,042 

216,277 

1917-18 

20,679 

102,389 - 


It is highly probable that with a reduction in the price of sul- 
phuric acid (p. 63) the demands for superphosphates will increase 
as the price of Indian-made superphosphate will then be much less. 
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Superphosphate is generally used where a quick result is required 
and where the crop will permit the use of a relatively expensive 
manure. Bone meal, which also contains nitrogen, on the other 
hand, is used where a slow action is required and where an expen- 
sive manure is impossible ; for example, on coffee plantations. 
According to Mr. Anstead, the soils in many of the planting districts 
in South India are acidic and contain very little lime and therefore^ 
as a rule, it is not advisable to use an acid manure like ordinary super- 
phosphate, hut basic phosphates of the type of basic slag and basic 
superphosphates. At the present time, basic slag is largely used 
on tea and rubber estates and a good deal of it is imported, but the 
products from the iron and steel works in Bengal and Sakchi should 
be able to compete with the imported article provided transit 
charges are not too high. Finely ground mineral phosphates ai;e 
also employed as fertilisers, but so far have received little attention 
in India. The general tendency at the present time appears to 
be to favour neutral or basic, rather than acidic, phosphates as ferti- 
lisers (compare Journ. Soc. Ghem. Ind. 1917, 86^ 514). 

The quantity of potash salts used as fertilisers in India is very 
Potash. limited, the main demand being in the juW 

growing districts. This demand could be mat 
from Indian products. Saltpetre, which would also serve as a 
nitrogenous manure, and the pre-war price of which was about £15. 
to 16 per ton, is used to a certain extent. If saltpetre is used 
instead of sodium nitrate for the manufacture of nitric acid, then 
the by-product, acid sulphate of potash, after neutralisation with lime 
or carbonate of potash, would provide an efficient potash fertiliser. 
A third source could be provided from the dust from blast furnace 
gases and flue gases from coke ovens, especially if a certain amount 
of common salt is added to the fuel (see Joum. Soc. Ghem. Ind. 
1918, 37, 222 T and 313 E). 

Certain vegetable products, e.gr., the water hyacinth and co- 
coanut shells, yield ashes rich in soluble potash constituents, but 
it is questionable whether the production of potash compounds 
from these sources could be worked on a commercial scale and 
meet the competition of German products simh^ ^potassium chloride, 
which sold at £8 — 10 per ton in London in 1913, and which could 
probably have been sold at a profit at £6 per ton. 

The whole potash industry will be revolutionised by the acquisi* 
tion by France of the Alsatian potash mines, as the Stassfurt deposits 
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will then have a serious competitor and prices are certain to fall 
(compare Jonrn. Soc. Chem. Ind., 1918, 37, 292 T.) 

The common nitrogenons artificial manures are (1) ammonium 
sulphate, (2) Chili saltpetre (sodium nitrate), 
(3) nitrolim, (4) oilseed cakes and (5) nitrates 
mainly calcium and ammonium, obtained from atmospheric nitro- 
gen. The figures quoted in table 13 on p. '78 for oilseed cake 
exports show that, under present conditions, India produces more cake 
than she can use. If the oil pressing industry grows, the quantities 
of cake available will also increase. It has been shown that the 
yields of sugar from sugar cane crops can be raised appreciably by 
th^ use of oil seed cake as a fertiliser, and a consumption of 1 ton cf 
cake per acre of sugar cane would dispose of large quantities of cake 
as there are two and three quarter millions of acres under cultivation. 

The fact that, of the 3,000 tons of ammonium sulphate produced 
in India at the present time, some 2,000 tons are exported also shows 
the small demand for this fertiliser. The amount of ammonium 
sulphate will increase in the near future as the number of by- 
product recovery coke ovens is increased. 

It appears to be clear that at present the demand for nitro- 
genous fertilisers is not equal to the supplies, and that appreciable 
amounts will "have to be exported for many years. Hence, the erec- 
tion of electric plants for the production of cyanamide or metallic 
nitrates from atmospheric nitrogen for manurial purposes is not 
a commercial proposition, unless it is shown that these can be manu- 
factured in India at a figure, which would admit of their being 
exported to Ceylon, the Malay Peninsula and the Dutch East Indies 
60 as to compete with European, American or even Japanese products. 

For ordinary crops, the - system of green manuring so generally 
adopted appears to give satisfactory results, but there should be 
an increased demand for ammonium sulphate for paddy cultivation. 

It is obvious that the value of a fertiliser depends on the per- 
centage of the valuable constituents — ^potash, nitrogen, phosphoric 
acid — ^present in the manure, and all sales should be made lender a 
guarantee that the percentages of these constituents are not below 
a stated minimum. 

XL — Minor Products^ 

Beference has already been made to three sodium derivatives, 

* sodium carbonate and caustic soda (see page 

0 urns s. ggj common salt (sodium chloride) (see 

H 
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page 70). Other salts to which attention may be directed are 
sodium sulphate and sodium silicate. 

Sodium sulphate or Glauber’s salt is already made in India 
in considerable quantity. It is obtained as a by-product in the 
manufacture of carbon dioxide (for soda water), which is prepared 
by treating sodium carbonate with sulphuric acid. Large quantities 
are also obtained, according to the Quinquennial Eeview of Mineral 
Production (issued by the Geological Survey of India) as a by-product 
in saltpetre refining in Bihar. It may also prove possible to obtain 
it from bitterns. Glauber’s salt is used largely in cotton mills, in 
the manufacture of glass and for dehydrating oils such as turpentme. 


Table 32. — Imports of sodium sulphate into India. 


Year. 

Quantity. 

Value. 









Tons. 

1 


£ 

1913-14* . 

. 

. 

. 


. 

. 

. 

18 


m 

1914-15 . 

. 

. 

. 

. 

. 

. 

. 

304 


i,m 

1915-16 . 

• 

. 


. 

. 

. 

. 

79 

• 

722 

1916-17 . 

• 

- 

. 

- 

V 


• 

259 


2,153 

1917-18 . 

m 

• 

• 

• 

• 

• 

• 

62 


1,168 


* Except Bombay. 


Table 33. — Production of sodium sulphate in Bihar. 


Yeara. 

Quantity. 

Value. 


Tons. 

£ 

1910-11 

22,689 

46,201 

1911-12 

17,791 

30,621 

1912-13 

17,992 

30,772 


Sodium silicate is chiefly used in soap manufacture as a filling 
agent. It is prepared by treating sand with alkali under suitable 
conditions, and it is understood that it is now being made in Bombay 
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OIL a small scale. Tlie possibility of its being manufactuied on a 
large scale in India would appear to be dependent on a cheap supply 
of fuel and alkali. 


Table 34. — Imports of sodium silicate. 


Years. 

1 Quantity. 

* Value. 

1 


Tons. 

£ 

3913-U* 

413 

2,534 

1914-lS 

483 

2,002 

lois-ie 

441 

3,009 

1916-17 

573 

4,885 

1917-18 

527 

7,709 


Potassium salts. 


* Bengal only. 

The only potassium compound which occurs in large quantities 
in India is the nitrate known as saltpetre 
(see p. 369). Appreciable amounts of this 
are recovered from old village sites in Bihar and the Punjab. The 
product obtained from the local refineries always contains at least 
5 per cent, of common salt and frequently as much as 20 or 30 per 
cent. This crude product was exported to France and other coun- 
tries where it was refined. ' A certain amount is now being converted 
into pure nitrate in Calcutta^ but it is probable that, with more 
care and scientific supervision, it would be possible to produce in 
the local refineries a product containing 99-5 per cent, of potassium 
nitrate at much the same cost as it takes to produce 80 or 95 per 
cent, nitrate. Occasional occurrence of potassium salts are found 
in the Salt Bange, but these are too small and irregular for commer- 
cial exploitation. Possible sources in the future are (a) potash 
felspar, (2») ashes of plants such as the water hyacinth, (c) the ash 
from cocoanut shells, (d) the liquors from wool washing, (e) the gases 
from blast furnaces and from the flues of coke ovens (see page 106). 
It is more probable, however, that acid potassium sulphate, obtained 
as a by-product in the manufacture of nitric acid, will provide 
a sufficient source of supply. 

2 
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The chief salts for which there is a market are potassium car- 
bonate, already made in some quantity, caustic potash, potassium 
chloride and chlorate. 

The carbonate is manufactured in India by igniting the, nitrate 
with loss of the valuable oxides of nitrogen. The process is extreme- 
ly wasteful and is unlikely to meet with success in time of peace, 
unless the oxides of nitrogen can be utilised. Small quantities of 
the chloride have recently been made in Bengal from the ash of the 
water hyacinth but it is doubtful if this method could compete with 
the high-grade chloride obtainable from extensive natural deposits 
in Italian East Africa. The quantity obtainable from the former 
source is also not unlimited. It is mainly required for use as a 
fertiliser for jute (c/. p. 106). 

The manufacture of potassium chlorate would also probably 
prove remunerative as the demand is likely to increase with ex- 
pansion of the match making industry. 


TIuBLE 35 . — Imports of potassium salts into India. 


Year. 

Potassium Chlobide. 

Potassium Cheobate. 

Potassium 

Gabbokate. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 


1 Tons. 

£ 

Tons. 

£ 

Tons. 

£ 

1913-U . 

2* 

1 

SO 

11711 

4,301 

... 

... 

1914-13 

Figures not available. 

70 

2,720 

65 

872 

1913-16 . 1 

lot 

1,615 

56 

9,287 

0-2 

4 

1916-17 

It 

SOS 

56 

1S,8S0 

... 

... 

1917-18 

1$ 

m 

113 

24,665 

... 

... 


* Bengal only, 
t Bengal and Boima only, 
t Banna only. 

^ § Bombay oxuv. 

II Except Bombay and Sind. 

Apart from magnesium carbonate or magnesite (see page 379), 

Magnesium salts. bwo salts of magnesium of technical 

importance, namely, magnesium chloride and 
magnesium sulphate. These two- salts can be obtained readily 
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from bitterns, tlie mother liquor remaining after the separation of 
salt from sea water (see page 72). This source of supply is already 
being exploited by one firm of chemical manufactureis for the 
production of magnesium chloride. Their product, however, is 
not by any means a satisfactory article and frequently contains 
considerable quantities of other salts. With unlimited supplies 
of raw material available, there should be, under scientific supervi- 
sion, little difficulty in placing a pure product on the market. 

Magnesium sulphate or epsom salts can also be obtained from 
the bitterns, but so far this has not been attempted on the large 
scale. The salt has been made from magnesite by treatment with 
sulphuric acid, an uneconomic process and one which it will not 
pay to continue after the war, unless the carbon dioxide can be 
collected and sold, and unless the sulphuric acid can be obtained at a 
cheaper rate, as the value of the acid required is greater than that 
of the salt obtained. 


Table 36 . — ImpoTts of magnesium salts. 



Yea-r. 



1 Magitesium ohlobids. 

MaOKESIXTH SUI.PHATB. 


1 

QuaJitity. 

Value. 

Quantity. 

Value. 






Tons. 

£ 

Tons. 

£ 

19U-16 . 

. 

. 

- 

. 

2,705 

20,036 

l,972t 

10,847 

1916-16 

. 

. 

. 

. 

3,563 

62,205 

412t 

7,061 

1916-17 

. 

. 

• 

. 

1,067* 

18,767 

266t 

3,655 

1917-18 

• 

• 

• 

• 

1,185* 

19,397 

1 

290t 

89824 


* Except Bengal aud Sind, 
t Except Burma and Sind. 


When the distillation of the zinc concentrates from Burma is 
undertaken in Singhbhum, the manufacture in 
Zinc salts. India of the various zinc derivatives of tech- 

nical value could be developed without difficulty. The three mciSt^ 
important are zinc oxide or zinc white, mainly used as a pigment, 
zinc sulphate or white vitriol, used in dyeing, calico printing and 
in the preparation of paints and varnishes, and zinc chloride. This 
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last is alread}^ beiug manufactured on a considerable scale, in solution, 
and about two hundredweights of the anhydrous salt have been 
prepared in the form of sticks for medicinal purposes. It finds 
its chief application in cotton mills, for preserving wood, for mak- 
ing soldering solution and is also used as a disinfectant and deodorant 
and in medicine as a caustic. In the manufacture of white vitriol 
and also of zinc chloride, crude hydrogen is produced as a by-product 
and the cost of the salts would be reduced if use were made of this 
hydrogen. It would not repay to purify it for the purpose of h 3 'dro- 
genating oils, although it could be burnt and used for generating 
steam or for concentrating solutions. The successful production 
of these salts depends largely upon the cost of fuel and also of sul- 
phuric and hydrochloric acids. 

The imports of these chemicals are given below : — 


Table 37. — Imi'iorts of zinc salts into India. 


Year. 1 

1 

Zinc Oxids. 

Zinc Sulphate, 

Zinc Chloride. 

i 1 

! Quantity. ! 

Value. 

Quantity. 

Value. 

Quantity. | 

Value. 


Tonsi 

£ 

i Tons. 

I 

£ 

Ton^i. 1 

£ 

1914-15 . 

301* 1 

16,m 

i 6i+ - 

86 

I,034t j 

19M2 

1915-18 . 1 

333* 

16,^34 

1 

46 

1462t 1 

65,824 

1910-17 . 

342* ’ 

19,m 

4t 

no 

872i ; 

47,S42 

1917-18 . 


... 


50 

i 1.740§ i 

' 1 

160,V20 


* Except Bengal. 

■f Bomba}^ only, 
t Except Burma and Sind. 

§ Except Burma, Bind and Bengal. 

The local extraction of aluminium sulphate and the manufac- 
Tlic alums therefrom of alums has long been an 

Indian industry. Aluminium sulphate is ex- 
tracted from pyiitic shale, which is found mainly in the Punjab. 
The shales contain about 9 per cent, of sulphur, and the aluminium 
sulphate is extracted by roasting the shale, lixiviating and concen- 
trating the crude aluminium sulphate solution. A mixture of 
crude chlorides, nitrates and sulphates of sodium and potassium 
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is tlien added and the alum crystallised. The product is mainly 
soda alum and finds its chief market in the Delhi district, where 
it is used in the tanning and dyeing industries. Crude aluminium 
sulphate “ alum cake ” as also being made by several chemical 
firms in India from bauxite, but unless the present price of sulphuric 
acid is very much reduced there would appear to be little prospect 
of this product competing with the imported article. It is largely 
used for water purification. Alum is also used for paper sizing, and 
in medicine. 


Table 38. — Imports of aluminium sulphate and alum. 


Year. 

Quantity. 

Value. 


Tons. 

£ 

1912-13 

5,054 

SUUG 

1913-14 

4,504 


1914-15 

3,657 

25,992 

1915-16 

4,636 

45,41S 

1916-17 

5,704 

73,^42 

1917-18 j 

1 

3,733 

76,729 


With large supplies of lead readily obtainable from Burma the 

Lead salts manufacture of the various lead derivatives 

of commercial value should be an industry 

capable of considerable expansion. Litharge and red lead, both 
of value as pigments, are already being made on a considerable 
scale. The manufacture of white lead probably the most import- 
ant of all pigments has not as yet been undertaken. The experi- 
ments which have been made on this subject by Drs. Sudborough 
and Watson at the Indian Institute of Science have now practically 
reached completion, and it is possible that they wUl shortly be devel- 
oped on a technical scale. The method adopted is a modifica- 
tion of a German patent and utilises metallic lead and acetic 

acid as the starting material, with a periodic replacement of 
small amounts of acetic acid lost in the process. 
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Table 39 . — Imports of red and white lead. 


Red Lead. White Lead 



Year. 


Quantity 

'i 

Value 

Quantity. 

Value. 




Tons. 

£ 

Tons. 

£ 

1013-14 

■ 

. 

. ; 2,191 


1,087 

2 s,m 

1914-15 

• 

• 

. : 1,645 

38,348 

1,253 

37,784 

1916-16 

• 

• 

1,445 

46,266 

916 

S1JS56 

1916-17 

- 

• 

. . 1,324 

6S.69S 

901 

46.0SO 

1917-18 

• 

• 

. 1 1,286 

80,027 

542 

39,679 


Owing to the increased demands for chromium for metallur- 

Chromitun salts purposes, the internal and external de- 

mands for chrome iron ore are gradually in- 
creasing and the sources of supply being rapidly opened up. The 

chief deposits of chrome iron ore are in Mysore, Baluchistan and 

Siiighbhum. Attempts on a comparatively small scale have been 
made to manufacture the various chromium salts, such as sodium 
and potassium chromates, dichromates and alums, which are of 
technical importance, being used in chrome leather manufacture 
and in khaki dyeing. There should be no difficulty in making 
these products in India, provided cheap fuel, sodium carbonate, 
and potassium carbonate, are available. For manufacturing 
sodium chromate, the finely divided ore is roasted in a reverbera- 
tory furnace for several hours with lime and sodium carbonate, 

the resulting mass extracted with ivater and the aqueous .ablu- 
tion evaporated. 


Within the last few years, appreciable quantities of chrome 
tanning liquor have been made in India from imported sodium 
dichromate, sulphuric acid and jaggery. It should be possible 
to make products of the nature of ‘ tannolin ’ in India. 

Lead chromate is also of commercial value as a yellow pigment 
and could easily be produced, if sodium chromate were manufac- 
tured in the comtry, as it is prepared by precipitating a solution of 
lead acetate with one of sodium chromate. It is largely used as a 
pigment and also in calico printing and is the chief constituent of all 
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the members of the group of chrome yello^rs, e.g.^ Cologne yeUow, 
Paris yellow and Leipzig yellow. By mixing with Prussian blue 
(p. 117), these yellows give the Brunswick greens, and by treat- 
ment with alkali various orange and red pigments, e.g., Chinese 
red and American vermilion. The figures for the imports of these 
chemicals and the exports of chrome ore are given in the following 
tables : — 


Table 40. — Imports of chromium salts. 


Year. 

SODITTM BtCHROMATE. 

POTASSZDM DiOEBOMATE. 

Quantity. 

Value. 

Quantity, 

Value. 




Tons. 

£ 

Tons. 

£ 

1914-15 

. 

. 

187 * 

5,574 

103 * 

4,996 

1916-16 • . 

. 

. 

352 

13,732 

163 

11,882 

1916-17 

. 


449 * 

44,923 

65 * 

11,120 

1917-18 

• 

• 

820 * 

75,179 

253 * 

54,328 


* Except Bengal 


Table 41. — Exports of chrome iron, ore. 


Tear. 

Quantity. 

Value. 


Tons. 

£ 

1913-14 

180 

9,205 

1914-15 .... 

183 

12,404 

1915-16 

92 

4,92it 

1916-17 j 

310 

^ 10,473 

1917-18 . j 

1 

748 

32,717 


Althou^ the imports are comparatively small, the demands 
for chromium salts for chrome leather tanning are likely to increase, 
and the manufacture of these salts in India in quantity sufficient 
to meet the Indian demands and also for export appears to be 
worthy of consideration. 
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Table 39.— Imjwrte of red and white lead. 


Bed Lead. White Tead 



\ear. 

Quantity* 

y - 

Value. 

Quantity. 

Value. 



' Tons. 

£ 

Tons. 

£ 

1913-U 

• 

. 1 2,191 


1,087 

28,068 

1S14-1S 

- 

. ; 1,645 

38,348 

1 1 

l,2.“i3 

37,784 

1916-16 

• 

. . 1,445 i 

1 

46,266 

916 

31,666 

1916-17 

• 

. - ; 1,324 

66.696 

901 

46,050 

1917-18 

• 

. j 1,286 

66,627 j 

I 

542 

f 

39,679 




Owing to the increased demands for chromium for metallur- 


Ctarominin salts. purposes, the internal and external de- 

mands for chrome iron ore are gradually in- 
creasing and the sources of supply being rapidly opened up. The 
chief deposits of chrome iron ore are in Mysore, Baluchistan and 
Singhbhum. Attempts on a comparatively small scale have been 
made to manu f acture the various chromium salts, such as sodium 
and potassium chromates, dichromates and alums, which are of 
technical importance, being used in chrome leather manufacture 
and in khaki dyeing. There should be no difficulty in making 
these products in India, provided cheap fuel, sodium carbonate, 
and potassium carbonate, are available. For manufacturing 
sodium chromate, the finely divided ore is roasted in a reverbera- 
tory furnace for several hours with lime and sodium carbonate, 
the resulting mass extracted with water and the acpieous ;;^^u- 
tion evaporated. 

Within the last few years, appreciable quantities of chrome 
tanning liquor have been made in India from imported sodium 
dichromate, sulphuric acid and jaggery. It should be possible 
to make products of the nature of *tannolin’ in India. 

Lead chromate is also of commercial value as a yellow pigment 
and could easily be produced, if sodium chromate were manufac- 
tured in the country, as it is prepared by precipitating a solution of 
lead acetate with one of sodium chromate. It is largely used as a 
pigment and also in calico printing and is the chief constituent of all 
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the membeiB of the group of ohiome yelIo\rs, e.g., Cologne yeUow, 
Paiie yeUoTT and Leipzig yellow. By miang with Ftnssian bine 
(p. 117), these yellows give the Brunswick greens, and by treat- 
ment with alkali various orange and red pigments, e.g., Chinese 
red end American vermilion. The figures for the imports of these 
chemicals and the exports of chrome ore are given in the following 
tables : — 


Table 40 . — Imports of eh/romium salts. 


Tear. 

SoDirm Dtgebomats. 

Potassium Diobbomaxe. 

Quantity. | 

Value. 

Quantity. 

Va]n& 






Tons. 

£ 

Tons. 

£ 

1914-15 

• 


. 


187* 

5,574 

103* 

4,999 

1915-16 

• 

. 

. 

. 

S53 

J 3 ,m 

163 

21,882 

1916-17 

• 


. 

. 

449* 

44,923 

65* 

11,120 

1917-ia 

« 

• 

• 

• 

820* 

73,179 

253* 

64,828 


* Elzoe 2 >t Bengal. 


Table 41. — Exports of chrome iron ore. 


Year. 

Quantily. 

Value. 



- 





Tons. 

£ 

1918-14 

- 

. 





180 

9^06 

1014-15 


• 



. 


183 

12,494 

1915-16 . 

* 

f 





1 92 

4,92h 

1916-17 . 

• 

• 



• 


810 

^ 10,473 

1917-18 . 





- 


748 

32,717 


Although the imports are comparatively small, the demands 
for chromium salts for chrome leather tanning are likely to increase, 
and the mamifaoture of these salts in India in quantity sufficient 
to meet the Indian demands and also for export appears to be 
worthy of consideration. 
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The only iron salt mannftustaied in India' on a large scale is 
. ferrous sulphate or copperas, vhich is pie- 

pared by treating scrap iron with warm dilute 
sulphuric acid. This salt is largely used in dyeing and tanning 
and in the manufacture of inks, Prussian blue and other pigments. 
The production in India has developed since the outbreak of war 
and as a result the imports have shown a large diminution. The 
success of the manufacture after the war will depend solely on a 
cheap supply of sulphuric acid being available. The present out- 
put is approximately 1,000 tons per annum. 


Tasns! 42 . — Imports of ferrous sulphate into India. 


Year. 

Quantity. 

Value. 






Tons. 

£ 

1013-14 . 


• 



724 

2,6S7 

1914-16 . 

■ • ft 

• 



760 

3,287 

1916-10 . 

• ^ • 

• 

. • . 


2,633 

19,944 

1916-17 . 

ft ■ # 

• 



5,105 N 

42, m 

1917-18 . 


- 



839 

7,649 

1918-10* . 

• 

• 



7 

1 

1 


* Six months* figures. 


In view of the dependence of the gold mines on an adequate 
supply of either sodium or potassium cya- 
'^ould appear to be highly desirable 
^ that the manufacture should be undertaken 
locally. One method adopted is to treat a mixture of sodium or 
potassium carbonate and charcoal with ammonia gas under suit- 
able conditions (BeUby’s method), whlbt another is to fuse nitrolim 
(p. 225) with salt. The latter method, which yields a crude pro- 
duct (30 per cent, sodium cyanMe) suitable for gold extraction, 
might prove the more suitable if the manufacture of nitrolim is 
undertaken in India. ' 
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Table 43. — Imports of cyanides into India. 


Year. 

SoDnm CYAsn>E. | 

Potassium Ctamdc 

Quantity. 

Value. 

Quantity. 

Value. 





Tons. 

£ 

Tons. 

£ 

1913-14 

• 

• 

• 

... 


264 

22S20 

1014-15 

• 


• 

53* 

5M0 

207 

is,m 

1915-16 

• 

- 

- 

383* 

36,m 

50 

5,021 

1016-17 

• •- 

. 

• 

1 401* 

41,478 

: ^ 

5,039 

1917.18 

• • 

• 

■ 

1 349* 

39,182 

2 

592 


* Bombay and Madras only. 


It would appear to be very doubtful if the preparation of feno-* 
cyanidea could with advantage be undertaken in India. The ferro* 
cyanides are obtained as by-products in gas works, and the price 
is therefore extremely low. Small quantities of potassium ferro- 
cyanide have been made in India by the old method from horns and 
old organic matter. This process would not appear to be likely 
to be remunerative after the war, as the yields are always poor. 
The ferrooyanides are mainly used for the manufacture of pigments 
such as Prussian blue. 


Table 44. — Imports of potassimn fmocyanide. 


Year. 

r 

Quantity. 

1 _ . 

[ Value. 








! 

i 

1 

Tons. 

£ 

1914-15 . 

- 

• 

■ 

• 

• 

- 

1 

1 

1 

3-8* 

250 

1015-16 . 

- 

. 

• 

■ 

• 

• 

• 

i 

! 

0-7t i 

1J3 

1916-17 . 

• 


• 

• 

a 

► 

• 


4-6t 

8,268 

1917-18 

• 

• 

• 

• 

* 

- 

• 


6-lJ 

3,o:3 


* Excluding Burma, 
t Bombay and Madias only, 
t Galcutta, Bombay and ^ladras. 
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Ocdinary wine vinegar, wUch contains about 4 to 8 pet cent, of 
acetic acid, Las been l^own from ancient times, 
“ manufactured by the oxidation of dilute 
alcoholic solutions by means of atmospheric 
oxygen in the presence of certain species of bacteria. Such liquids 
are used only for household purposes, and caxmot be employed for 
manufacturing concentrated or glacial acid, as the cost of concen- 
tration would be too great. (Compare, however, Hibbert. Chem. and 
Met. Engin. 1918, 19, 397). 

The world’s chief source of acetic acid is the crude pjuroUgneous 
acid produced during the destructive distillation of wood. The crude 
add is redistilled, neutralised with lime and the solid calcium 
acetate, heated preferably under reduced pressure, with sulphuric acid. 
JlS the number of wood distillation factories has increased it is pro- 
bable that after the war the supply of acetic acid and acetates &om 
pyroligneous acid will be large and prices low. (For a general dis- 
cussion of wood distillation and recovery of by-products see Journal 
of the Indian Institute of Science, Vol. H, part 7, pages 80-119.) 

Numerous experiments have been made in recent years on the 
production of acetic acid from other sources and a large number 
of patents have been taken out. A method which appears to have 
commercial possibilities is the conversion of acetylene nuule from 
calcium carbide into acetaldehyde by the addition of water in the 
presence of small amounts of mercury salts, and the subsequent 
catalytic oxidation of the aldehyde to acetic acid'. This method 
is of no value in India, unless calcium carbide (see p. 229) is manu- 
factured in the country at a low cost. 

Another process consists in passing alcohol vapour and air over 
a catalyst, such as metallic copper, condensing the acetaldehyde 
and oxidising this by atmospheric oxygen in the presence of a 
catalyst. In a hot climate like that of India, the cost of condensing 
the volatile aldehyde vapour would be a disadvantage. 

The oxidation of alcohol to acetic acid by means of sodium 
dichromate and sulphuric acid and the subsequent recovery of 
the dichromate by electrolytic oxidation has been studied by Mr. 
Usher in Bangalore. 

Acetic acid is used as a coagulant for rubber latex, and various 
acetates, more especially those derived from iron, aluminium, chro- 
mium and copper, are used as mordants in the dj^emg industry. 
'Certain salts are also used medicinally. 
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Eignxes fot the imports of acetic acid and some of its salts are 
given in the following table : — 


Table 45. — Imports of acetic act'd and its salts into India. 


Year. 

Aoxezo Aon>. 

PozABannc aoe- 
TATB. . 

Leap Acetate. 

r CHEOSaUU 
Agstatc. 

SoDiru 

Acetate. 

Quan- 

tity. 

1 

Value. 1 

Quan- 

tity. 

1 Value. 

Quan- 

tity. 

Value. 

Quan- 

tity. 

Value, 




Tons. 

£ 1 

Tons. 

£ 

Ions. 

£ 

Tons. 

£ 

Tons. 

£ 

IQIS-U 

42 

I,79S ' 

.. 

.. 

.. 

.. 


.. 

.. 


1014-15 

40 

1,832 

.. 

.. 

0-8* 

29 

7* 

370 

St 

C3 

1010-16 

51 

4,787 

0*5* 

ns 

81t 

1,150 

it 

166 

It 

:2 

1016-17 

60 

12,732 j 

i •* 

.. 

34t 

2,145 

.. 

.. 

. . 


1017-18 

45 

9,355 

i •• 


1821 

16,520 

■■ 


•• 



* Madras only, 
t Bombay only* 


Grade methyl alcohol, known under the name of wood spirit, 

M 41. 1 f 1 . I “ by-products obtained from wood 

® ^ ° distillation factories. It is usually obtained by 

neutralising the redistilled pyroligneous acid with lime, and distil- 
ling the neutralised liquid in steam heated pans provided with fraction- 
ating columns. At present it is not produced in India, but imme- 
diately wood distillation plants are installed appreciable amounts 
should be available. The normal pre-war price in England was 
Bs. 1-12 per gallon, but in 1918 the price had risen to Bs. 12-8 
per gallon. Very large amounts have been produced in Europe- 
and America. G^e average yearly import for the period 191S-1& 
into Great Britain was more than half a million gallons. 

One of the chief uses of wood spirits is as a solvent, more parti- 
cularly in the manufacture of spirit varnishes. Enormous quanti- 
ties are also used as a denatuiant for alcohol. The product known 
as methylated spirit usually contains 90 per cent, of rectified spirits 
and about *10 per cent, of wood spirits, together with small amounts 
of such substances as pyridine. Wood spirit is not used as a 
denaturant in India, probably owing to its scarcity. If manufactured 
in the country, appreciable amounts mi^t be used for purpose.. 

Wood spirits contain acetone and small amounts of various 
other compounds, in addition to methyl alcohol, and pure methyl 

* This amoont has been appieoiably ladnoed in Eevetsl -oonntciee dtiiing tbe last 
yeat ox l-vo owing to tbe icoieaae in coat of the wood spiiff. 
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alcohol can be obtained from the spirits by suitable chemical 
treatment. 

Methyl alcohol is used for the manufacture of formaldehyde 
{formalin) see p. 103 and also, for the manufacture of various 
esters and ethers, the manufacture of methyl acetate and methyl 
salicylate. 

It is claimed that methyl alcohol, together with a little acetone, 
•can be manufactured by the destructive distillation of the concen- 
trated black liquors, obtained as a waste product in the digestion 
of wood with soda in wood pulp factories (Met. and Chem. Eng. 
1917, 16, 182 and 416). 

Since the outbreak of war, oxalic acid has been manufactured 
on a small scale in India by fusing saw dust 
rlonnk^add.*^*^ caustic soda, whilst a patent for its 

extraction from sal bark, the fibrous bark of 
Bhorea rohusta, has also been taken out (see Chemical Trade 
Journal 1917, 520, Allen Bros, and Company Ltd. and C. F. Cross, 
E.P. 110, 837 of 1917). The lack of a cheap supply of caustic soda 
and caustic potash has probably retarded any extensive manu- 
facture from sawdust in India. In Europe, it is now as a rule 
manufactured from sodium formate, which is cheaply prepared by 
treating sodium carbonate and lime under pressure with power gas 
xich in carbon monoxide. 

Formic and oxalic acids and their salts are used mainly in the 
dyeing industries, and for medicinal purposes. Within the last 
few years, appreciable quantities of formic acid have been used in dye 
worlm and tanneries owing to the difficulty of obtaining lactic acid. 

Table 46 . — Imports of oxalic acid and formic add mto India, 


OsAUc Acm. PoRMio Acm. 


Year. 

j/ 

Quantity, 

Value. 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

1913-14 .... 

... 

... 

0-26* 

. 28 

1914-15 

36 

2,637 

2-Ot 

80 

1915-16 .... 

15 

2,029 

2-Ot 

422 

1916-17 .... 

IS 

4,369 

0-ot 

103 

1917-lS .... 

62 

22,666 1 

1 

0-5 

138 


t For Baima and 31adras only 
t For Bengal and Bombay only. 
X For Bengal and Madias. 
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Citric acid is manufactured from the juice of the lime on a con- 
Cltrlc acid siderable scale in Sicily and America, where 
limes are (cultivated for the extraction of the 
juice from the pulp and the essential oil from the skins. Experi- 
ments, which have been made in India, have shown that the acid 
content of the juice of the common varieties of the Indian lime 
have the same percentage content of citric acid, as those of the above- 
mentioned countries. It would, therefore, appear probable that 
the manufacture of citric acid could he undertaken with advantage 
in India, provided that limes were cultivated in plantations for the 
purpose, and the juice collected in a central refinery, where it could 
be worked up in large quantities and the essential oil also extracted. 
A cheap supply of sulphuric acid would also be requisite for success, 
since the acid is purified by conversion into the calcium salt which 
is decomposed by the addition of the necessary quantity of sulphuric 
acid. The imports of citric acid are not large, and it would be neces- 
sary to export a portion of the products of the factory. 


Table 47. — Imports of citric acid into India. 


Year. 

Quantity. 

Value. 






Tons. j 


1914-ld . 

. 

• • 

. 

- 

1 

8 1 


191M6 . 

. 

■ 9 

. 

i 

1 

6 


1916-17 - 

. 

• ■ 



26 


191^-18 . 

• 

■ 

. 

• 

33 i 

1 

22,662 


TartAiic acid. 


Tartaric acid is manufactured m Europe from by-products 
obtained in the manufacture of wines by the 

i grape juice. ^ ^ 

sources are argol ” or slightly impure potassium hydrogen tartrate 
which separates as crystalline crusts on the sides of the vats and 
lees,” which is highly impure potassium hydrogen tartrate mixed 
with yeast and various other organic substances. The higher grades 
of argol are usually re-crystallised and thus yield the pure potassium 
hydrogen salt known commercially as “ cream of tartar,” whereas 
the lees and the lower grades of argol axe used for manufacturing 
the free acid. 
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These sources are not; available iu India, and the onh material 
which appears to be at all suitable is the pulp of the tamarind fruit. 
This pulp contains about 12 per cent, of tartaric acid, mainly in the 
form of the free acid, but partly as the potassium hydrogen salt. 
Small quantities have been prepared from this source, but its pro- 
duction in larger quantities could only be profitable in normal 
times, if the pulp could be obtained at an extremely low price. It 
is possible that its manufacture in Indore, where tamarinds can be 
bought at about Re. 1 to Rs. 1-5 per might pay. The pulp, as 
regards its tartaric acid content, is only comparable vith low-grade 
“ lees ” as many of these contain 25 to 3U per cent, of tartaric acid 
and the method of manufacture would probably be similar. 

The acid is used medicinally and also in the manufacture of baking 
powders, effervescent drinks and in dye works. 


Table 48. — Imports of tartaric acid. 



Year. 

1 

Quantity. 

Value. 




Tons. ; 

£ 

1914-15 . 



37 


1915-16 . 



83 j 

t6Mi 

1916-17 . 



90 1 

27, OM 

1917-18 . 



27 

S,S21 
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Metalltirgical Industries in India. 

By Dr. L. Leigh Febmoe. 

Geological Survey of India. 

/. — Introductory. 

The first edition of this Handbook contained an article on 
Chemical and Metallurgical Industries in India.’’ It has now 
been decided to discuss the metallurgical industries in a separate 
article. 

Metallurgy's one of the very oldest of the arts, dating back to 

IntrodactloiL successful attempts of early man to replace 

weapons and implenientB of stone by those 
fashioned first of brozuse and later of iron. The younger chemistiyy 
on the other hand, is a science developed historically from the 
searches of the alchemists after the elixir of life and the philo- 
sopher’s stone ; and although with the progress of modem research 
metallurgy is rapidly passing from an art into a science, so that 
it may be legitimately regarded as a branch of applied chemistry, 
yet it is convenient to accord to the metallurgical industries of 
India the separate treatment justified by history. 

The development of met^urgical industries in any country 
depends to a large extent upon the existence of suitable raw materials. 
Nearly 300 years B. C,, Megasthenes* wrote that India **has 
under-ground numerous veins of all sorts of metals, for it contains 
much gold and silver and copper and iron in no small quantity, 
and even tin and other metals which are employed in making 
articles of use and ornament as well as the implements and 
accoutrements of war.” 

Commenting on this passage, V. Ball in the introduction to his 
well-known volume on the " Economic Geology of India,” pubHshed 
in 1881, writes: — 

To many it may appear that it was a fanciful and fabulous 
India, very different from the country as it is now known 

* J. W. McOrindle, * Anoicnt India,’ p. 31. Quoted by ▼. Ball. 

I 
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to us. To sucli tlie lacts set forth in this work not only 
as to the extent of the mineral resources, but also as to 
the extent of the ancient mining operations, will come al- 
most as a revelation. 

''Speaking generally, the value of the majority of the deposits 
is relative to external circumstances. Were India wholly 
isolated from the rest of the world, or were her mineral 
productions protected from competition, there cannot be 
the least doubt that she would be able, from within her 
own boundaries, to supply very nearly all the require- 
ments, in so far as the mineral world is concerned, of a 
highly civilised community. But the consumer would pro- 
bably have to pay more than he does at the present day. 

"Many of the deposits of metallic ores are undoubtedly poor 
from the point of view of the European miner. Still the 
native miner and smelter, by an enormous amount of 
very hard work, were enabled to produce the metals 
which they sold at very high prices ; but the production per 
man was so small that these artisans managed only to secure 
for themselves a scanly subsistence. As foreign competition 
has enabled the merchant to sell the metals at the very 
mines at a lower price, the trades of the indigenous miner and 
smelter have been, as regards those who worked all the metals, 
except iron, almost completely crushed out of existence/’ 

At the time this was written, the only one of the ancient metal- 
lurgical industries of India still struggling against the competition 
of imported products produced by modem methods abroad was the 
indigenous iron industry, and to this day nxunerous diminutive 
native blast furnaces* in the wilder parts of India, particularly 
in the Central Provinces and Orissa, continue to produce by wasteful 
methods — ^wasteful as to consumption both of ore and of charcoal — 
small blooms of soft iron used chiefly for making axe-heads and 
plough shares. In addition, in many parts of India, in counilesB 
rivers and streams, paxming for gold is still practised, mainly by 
aboriginal tribes, with variable and often inadequate returns. 

A study of the ancient workings existent in many parts of the 
Indian Empire shows, however, that in the past several other metals be- 
sides iron were won from the hard rock, being extracted from the ores 

* in 1910 in the Central Fiovmoes nearly 4,500 tons of iion-oxe were smeltedla 
nearly 300 fai&aces. 
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by crusbiug and smelting. We maj' inJb-iaEce tlie old workings on 
gold-quartz reefs in Mysore, succeeded after a. proUtr.ged period of 
oblivion, by tke modem gold iudustry of the Kolar field ; the old 
copper workings of Singhbhum, where lodes are now being followed 
to considerable depths by the Cape Copper Company : and the mining 
and smelting of silver-lead ores for silver by the Chinese in the Xorth- 
em Shan States, now succeeded after a lapse of some 50 years by 
the developments of the Burma MineS; Limited, with its discoveries 
of large stores of rich silver-zinc-lead ores and silver-copper ores. 
In addition, the stream tin deposits of Tavoy seem to have been 
washed and smelted for centuries. 

At the time Ball wrote, there were no active metallurgical plants 
in India operating successfully along modem lines, all attempts at 
iron smelting having so far proved a failure. In 1SS5, however, 
the Mysore Gold Company started its successful career by the dis- 
covery of a rich reef below the old workings, and since 1887 the 
history of the Kolar field has been one of uninterrupted prosperity. 
But, even by the beginning of the present century, the only metal* 
lurgical concerns successfully established in India on modem lines 
were the gold milling and reduction plants of Kolar and the Baiakar 
Iron Works, which latto after many vicissitudes had at last suc- 
ceeded in producing pig iron at a profit. During the present 
century metallurgy in India has taken a sudden step forward, 
as is shown by the table on the nest page of production of 
metals in India. 

In 1903 the Hutti Quid Mines (Hyderabad State) commenced ex- 
traction. In 1907, the Tata Iron and Steel Co., Ltd., was registered, 
and the first production of pigiron by this Company at Sakchi took 
place in December 1911 and of steel early in 1912, whilst ferro- 
manganese was first manufactured in 1915. In 1918. the Bengal 
Iron and Steel Co., at the instance of the Indian Munitions Board, 
turned one of their blast furnaces on to the manufacture of ferro- 
manganese, thus releasing 'One of the larger Tata blast furnaces for 
the production of pig iron. In 1909, after several years of pre- 
liminary work, the Burma Mines, limited, commenced smelting old 
Chinese oslaga for lead and silver and are now smelting ores for the 
same two metals. Finally, the Gape Copper Company, after several 
years of development work, produced in 1917 in a trial run a small 
quantity of copper matte, and in 1918 started 'the regular pro- 
duction of blii^z copper. 
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Table 1. — Proiuation of melah in India for the years ISOl, 1995r 

and im to 1917. 


Year. 

Gold. 

Plati- 

Qll Palli 

Cop- 

Lead<a) 

TIN. 

Pig.lron. 

t 

CIAaaI 

Ferro- 

num. 

Oliver* 

per. 

Uotal. 

Ore. 

{bh 

steoia 

1 

man- 

ganese. 


Ou. 

0„. 

Oes. 

Iona. 

Tona. 

Tons. 

Tods. 

Tods. 

Ions. 

Tons, 

1901 . 

533,126 





" 

82 

33,000 

(approx.) 



1005 . 

031,110 

■■ 

4,716 

(0 


OlCe) 


76 

44,704 

•• 



567,730 






05 

37.692 


.. 

1909 . 

574,916 





* 

84 

SS,634 

.. 

. .. 


572.920 


10,030 


12,506 

75 

89 

35,033 

.. 


1011 , 

593,567 

j 37-7 

103,350 


13,133 

SS 

97 

40,133 ' 

.. 

" 

1013 . 

390.554 

1 50’6 

^ 9.1.470 


3,531 

201 

173 ! 

145,533 ! 

• • 


1913 . 

595,761 

1 57*7 j 

125.209 


3,353 

, 132 

171 ; 

204,112 ' 

63,175 

.. 

1914 . 

007.S33 

j 30‘7 j 

236.446 

i ■■ 

10,343 

93 

270 

234,726 ) 

00,003 


1915 . 

610,723 

17 7 ; 

235,387 

I 

1 

13,235 

138 

431 ; 

241,704 1 

70,335 

2,635 


593,369 

02 1 


t 

1 .. 
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1,S4C. 

1917 . 

574,293 

1 S-3 1 

1,531.331 

•• 


141 < 

1 

066 

243,132 

114.027 

1,473 

1918 . 


1 

1 

t 

1,396,212 

(c*) 

(«) 

13,182 

Id ) 




•• 

1,130 

/ 


(<i) Except lor 1005, tho fiiven are the output of the Bauduln mine, Burma. In adtUtiou, In 

some yean, indgnificant quantities of lead ore have boon extracted la tho Southern Shan States, th^ 
Bras district. Central FroviBces, Eashmir, and the Chitaldmn district, llysorc. 

(o) Output of the X,ita Iron and Steel Co. to end of 1013 dlstrlhuted as foHons :^1912, 87.000 tons ; 
1018, 144,025 tons : total 231,935 tons. 

(e> Yield from 02 tons 16 ewts. of siUer-Icad hoIlXon sold in london and smelted from a pocket of 
galena at Beldi In the Manbhnm district, Bihar and Onssa, In 1904 and 1005. See Bte. 0, S. f., 
p. 254. 

(d) To end of August lOlS. 

(e) Production of blister copper commenced August 1018. 

(/) llontUly output. 

It mil be seen from the preceding page tliat the decade 1909 to 
1918 baa seen the initiation of production in India on a commercial 
scale of lead, silver, steel, ferro-manganese, and copper. The future 
offers many further possibilities. We may expect large increases 
in the production of iron and steel, copper, lead and silver : we 
may look to the smelting of the zinc concentrates of Burma 
at present set aside : and our raw materials would permit of a large 
increase in the scale of production of ferro-manganese and, once 
cheap electric energy has been rendered available, of the ntanufao- 
ture of other ferro-alloys, such as ferro-chrome and ferro-tungsten, 
as well as the manufacture of aluminium and calcium carbide. The 
future of the ferro-manganese industry caxmot, however, be raided 
as assured on account of the high phosphorus contents of most 
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Indian cokes, wldch, combined with, the moderately high phos- 
phorus in many Indian manganese- ores, makes it difficult to produce 
an alloy as low in phosphorus as the foreign market is accustomed 
to. The gold industry is not likely to show any substantial in- 
crease, as far as can be predicted from our present knowledge and 
information concerning the distribution of gold deposit in India, 
and, in fact, the output figures at present point to a slight but grad- 
ual decrease in output. 

The future needs of the country in metals cannot be accurately 
estimated, but they will, as industries expand, undoubtedly exceed 
greatly the present consumption, which may be gauged from the 
following tables of imports and exports of metals into India during 
the past five years, taken in conjunction -with the figures of metals 
in India given on page 126. 


Table 2. — Imports of metals into India for the years 1912-13 to 

1917-18* 

(In tons,) 



Table 3. — Exports of metals from' India for the years 1912-13 to 

1917-18. 

(In tons.) 
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IL — Accessory Materials and Electric Energy. 


The successful production of xaetals in any country does not 
depend solely on the availability of ores of sufficient richness. In 
addition— leaving out of consideration snch factors as market con- 
ditions and transport— we require: — 

(1) Beiudng agents — ^usually some form of carbon (coal, coke, 

or charcoal), but sometimes electric energy utilised elec- 
, trolytically ; 

(2) Sources of heat — either carbonaceous fuel or electric energy 

—to produce the temperature necessary to permit re- 
duction; 

(3) Fluxes — ^limestone, dolomite, iron-we, siliceous materials, and 

fluorspar— to combine with, and remove into the slags, 
the impurities of the ores, and to impart the fluidity 
requisite for successful operation; 

(4) Sefradory materials — sand, fireclay, magnesite, dolomite, chro- 

mite, bauxite, and graphite — for lining furnaces and con- 
structing vessels, such as retorts and crucibles, capable 
of withstanding the high temperatures characteristic of 
most metallurgical operations, and the corrosive action 
of the materials smelted; 

(5) Carbon electrodes for electric smelting processes. 


Reducing agents. 


In this section a brief reference to each of the above factors as 
they afiect India must now be given ; such an account will serve 
to indicate Co projectors who have located valuable ore deposits 
some other materials and conditions that should be investigated. 

In special cases, special reducing agents are used, e.^., powdered 
aluminium for the preparation by the Thermit 
process of molten iron for welding, and of small 
quantities of the rarer metals, by reduction from their oxides in 
crucibles. But the only reducing agent we need con^der here is 
carbon, which may be used in the form of either coal, coke, or 
charcoal. It is the last-named which was used in all the old 
indigenous smelting processes and which is still used in the 
small native iron furnaces. In modem practice, however, charcoal 
has been, wherever possible, superseded by coal or coke, usually 
the latter, on account both of the greater density and strength 
of coke, enabling it to stand without crushing the heavy burden 
of modem blast furnaces, and of the difficulty of obtaining 
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supplies of cliarcoal adequate to the scale of modern smelting 
operations. A simple calculation shorn that an attempt to run 
on charcoal a modern blast furnace producing pig iron would 
require the allotment of an area of forest — allowing for felling 
in rotation and replanting — altogether out of proportion to the 
results obtained. This is partly because the carbon is serring 
two purposes, namely, as reducing agent and as the source of the 
necessary heat. In electric smelting, the heat is otherwise provided, 
so that carbon is required for reduction only. In such cases, in 
well-wooded countries, the use of charcoal is often economically 
feasible, and its use has the advantage of introducing into the 
resultant iron or steel a smaller amount of phosphorus than with 
most cokes. A project is, indeed, in hand for the establishment in 
Mysore of electric icon-smelting with charcoal as reducing agent. 

In most cases, however, in blast-furnace practice in India the use 
of coke is imperative. Although the supplies of coal in India are 
large, only a certain proportion of this is suitable for the prepara- 
tion of dense, hard, metallurgical coke, and as the coking coals of India 
are typically high in phosphorus and moderately high in ash, the 
resultant coke is almost always much higher in these impurities than 
good English cokes. The high ash contents can, of course, be neu- 
tralised in the furnace by suitable during, but the phosphorus finds 
its way into the metallic product. Eor this reason, Indian pig iron 
is phosphoric, so that the basic process has to be adopted in the pro- 
duction of steel.* For the same reason, added to the somewhat 
high phosphorus contents of most Indian manganese-ores, it will 
prove exceedingly difficult to produce in the blast furnace in India 
ferro-manganese with phosphorus not greater than 0-30 per cent, 
the upper limit usually accepted in Europe. With electric smelting 
and charcoal fuel accompanied by a careful selection of ores, this 
figure could, however, be realised. In the manufacture of calcium 
carbide in the electric furnace the same difficulty will arise ; for 
whereas we shall probably be able to find sufficiently pure lime- 
stone, * the provision of a coke sufficiently low in phosphorus 
(and in ash) will offer considerable difficulties. Good metallurgical 
coke is also required in lead and copper smelting. 

There is indeed no doubt that the future welfare of the smelting 
industries of India would justify a careful survey and classification 


* See table of anal jsis, p. S81. 
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of the coking coals of this country with reference to physical cha- 
racteristics, ash contents, and phosphorus. 

Coal as such is used as a reducing agent iu zinc distillation pro- 
cesses, but, as the zinc is distilled off, the impurities in the coal do 
not affect the quality of the product. Goal is sometimes used as 
such, mainly as a source of heat, in metallurgical processes, 
especially in reverberatory furnaces, where the gaseous products 
only come into contact \rith the ores, so that the impurities in the 
coal do not affect the quality of the product. 

The heat necessary for the conduct of most metallurgical opera- 

Sources of heat is usually provided either by the heat of 

combination with ox3’gen of the carbon of the 
fuel used, or in electric smelting by the conversion of electric 
energy into heat on overcoming the resistance of the charge. The 
question of the use of coal, coke, and charcoal in India as 
reducing agents has already been considered in the previous sub- 
section. Except in electric smelting, this carbonaceous reducing 
agent also acts as the provider of heat, and remarks already 
offered as to supplies and impurities in the fuel used apply equally 
at this point. 

In special cases, with highly pyritic ores, the necessary heat is 
provided by the combustion of sulphur. Pyritic smelting has not 
yet been introduced into India, but in the bessemerising of copper 
matte in Singhhhum the heat necessary for the maintenance of 
the reaction is provided by the oxidation of the sulphur of the matte 
by the air blown in. In the Thermit process, the heat developed 
represents the heat of combination of aluminium with oxygen. 

The future development of metallurgical practice may, in cer- 
tain cases, lead to the use of oil fueh and in such cases India’s needs 
should be amply satisfied from Burma, the Punjab, and Abadan in 
Persia. 

But the great advance of the future in dry metallurgical prac- 
tice— as distinguished from wet metallurgical practice involving 
the use of solutions and acids, such as gold cj^’aniding and electrolytic 
refining — seems to lie in electric smelting. In its initial develop- 
ments India is following the well-trodden paths of ordinary furnace 
practice, but on account of the existence of valuable ores in parts 
of India remote from the coalfields, consideration must be given 
in the future to the possibilities of electric smelting. These pos- 
sibilities cannot be accurately evaluated until the completion of 
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at leaBt a preliminary hydrographic survey’*^ of India ; but we know 
of the existence of vast resources of water power in the Western 
Ohats ; in addition, the capabilities in this respect of the Assam 
Plateau, the Nilgiri Hills, the Central Provinces, Central India, and 
Burma, all seem promising and need careful investigation. Provided 
•such water power can be converted into electric energy at a suffi- 
ciently low price, we may expect one day to see the electric treatment 
in Zn^a of the iron-ores of Mysore, Goa, and Batnagiri, the manga- 
nese-ores of the Sandur Hills, the bauxites of the Western Ghats, 
Central Provinces, and Chota Nagpur, the wolfram of Tavoy, the 
chromite of Mysore, and finally the copper-ores of Sikkim (hydro- 
•electrioally), as well as the manufacture of calcium carbide. 

The conditions that will render electric energy suitable for use 
in metallurgical processes are a continuous day and night supply, 
throughout the year if possible, delivered at a sufficiently low price 
•at a site suitable with respect to transport conditions both for the 
assemblage of raw materials and for the despatch of finished pro- 
ducts to markets. As an index to the price of energy permissible, 
it may be mentioned that for calcium carbide it should not exceed 
*0*10 annas per unit or £3*65 per k. w.-yr. and for aluminium £6 
per k. w.-yr. Some other electric ; smelting processes might he 
able to stand a somewhat higher price. 

In connection with electric smelting, consideration must also 
be given in special oases to the possibilities of generating electricity 
•cheaply from coal, both viA the Mond-gas process and with steam- 
■eleetric plant. 

In the treatment of ores with an acid (siliceous) gangue, 
„ basic fluxes are required, and of these lime- 

stone, dolomite and iron-ore— of all of which 
India possesses vast stores in many geological formations at various 
localities — are those commonly used. At present, the Tata Iron 
and Steel Company is using dolomite from Panposh in Gangpur 
•State, and the Gape Copper Company limestone from Bisra in 
Gangpur and iron-ore from near Manharpur in Singhbhum. The 
Burma Mines limited for their lead smelting are using as basic 
Buxes limestone, with iron-ore from the Northern Shan States and 
from Mandalay. A preliminary survey of Indian limestones as 
regards suitability for the manufacture of calcium carbide is now 
in progress. We also reqiure information concerning the distiibu- 

page 1^ 
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tion and composition of Indian limestones and dolomites from the 
point of view of fluxes and cements, and there is no doubt that 
a careful and elaborate investigation of these matters would 
justify the necessary expenditure of time and money. Fluorspar 
is sometimes used in furnace practice for increasing the fluidity of 
the charge, as for example in the steel furnaces at Sakchi, the 
quantity so consumed in 1916 being 200 tons. But unfortunately 
no fluorspar deposits of any size have yet been located in India, 
and this mineral has, therefore to be im orted. 

The refractory materials require^ by modern metallurgical 

, . . , procedure are numerous and varied, but it is 

doubtful 4f there is a single matenal of this 
nature that cannot be provided from the wide resources of the 
Indian Empire, although at present no sand entirely suitable for 
furnace bottoms has yet been found. Siliceous materials (sand, 
sandstone, quartzite, and quartz) are used for the manufacture 
of silica bricks, for lining furnace bottoms, and as moulding 
and casting sands (not to mention their use in the manufacture 
of pottery and glass) ; and for various purposes attention is being 
directed towards the sometimes very pure saccharoidal quartzites 
of Dharwar age (e.jr., in the £harakpur Hills, Monghyr), and 
to Vindhyan sandstones, which vary in purity, and amongst which 
we may be able to find varieties analogous to the English 
ganister. Silica bricks are now being manufactured ^in continually 
increasing numbers by Messrs. Burn and Company, and by the 
Kumardhubi Fireclay and Silica Works, Limited, and are pro- 
nounced to be equal in quality to some, and superior in quality 
to other, imported bricks. Fireclay suitable for the manufacture 
of firebricks is obtainable from the shales of the Gondwana forma- 
tion, e.g,, at Baniganj, and good firebricks are now manufactured 
on the “ Bengal ” coalfields by Messrs. Burn and Company, by 
the Kunmrdhubi Fireclay and Silica Works, and by the Beliance 
Fireclay and Pottery Company, Limited ; and at Jubbulpore by the 
Perfect Pottery Company, Limited. Fireclay will also be required 
for the manufacture of zinc-distillation retorts when this industry 
is installed in Singhbhum. As a basic lining for furnaces magnesite 
and dolomite are both used. Excellent magnesite, raw or calcined, is 
forthcoming from Salem, whilst the Tata Iron and Steel Company is 
now being supplied with magnesite bricks made from the Company's 
Mysore magnesite by the Kumardhubi Fireclay and Silica Works.. 
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Where a neutral lining is required, either chromite or bauxite- 
may be used. Chromite exists in commercially valuable quantities 
in Baluchistan, Mysore and Singhbhum, and chromite from Mysore* 
is being used by the Tata Iron and Steel Company, at Sakchi at 
the rate of 65 tons a month as a neutral material for separating the 
acid roof from the basic hearth in the open-hearth steel furnaces^ 
Bauxite of good quality exists in many parts of India and can easily 
be rendered available when required. 

The establishment of electric smelting in India will necessitate* 
- . 1 w 4 ^ supply of carbon electrodes. At first these= 

a on e ct ro es. doubtless be imported, but electrodes 

should eventually be manufactured in India. The specially pure 
carbon required for this purpose cannot at present be obtained. 
Petroleum coke would be suitable, but the processes of oil refining 
adopted in Burma do not yield any appreciable quantity of this 
substance. Similarly, the Oriental Gas Company, Calcutta, uses a. 
process of distillation which avoids the production of retort 
carbon, another suitable material for our purpose. The future, 
expansion of the iron and steel industry in India will, however, 
necessitate a great increase in coke production, in great part, 
doubtless, with by-product recovery. Since Indian coal yields- 
about 2 per cent, of tar, large quantities of coal tar will therefore 
be rendered available. Indian coal tar on distillation yields a 
high percentage of pitch (a test on Kulti tar gave |§ yield of 
68 per cent, of pitch), which would serve as the chief ingredient 
in the manufacture of carbon electrodes. This manufacture in 
India may thus be regarded as bound up with the installation of 
tar-distilling plants on a considerable scale. 


Ill, — Metals and Alloys, 

Statistics as to production of metals in India with figures of 
imports and exports are given on pages 126 and 127. We may now 
review briefly in alphabetical order the metallurgical industries of 
India, both as to their present condition and immediate possibilities. 
In addition to the metals specifically referred to below, small quanti- 
ties of ores of arsenic, bismuth, cobalt, molybdenum, tantalum, and 
uranium and of others of the rarer elements have been found in India, 
The aimual consumption of aluminium in India is compare^ 
tively small, and any works erected to smelt 
u mom. metal would at first be compelled to 
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•dispose of a portion of its production hj export. But there is no 
doubt that ultimately India mil become a very large consumer 
of aluminium. 

The conditions for the manufacture of this metal in India appear 
to be very favourable. Large stores of bauxite exist in the Jubbul- 
pore and Balaghat districts, Central Provinces, in the hills of Chota 
Nagpur west of Banchi, and possibly on the Western Ghats. The 
success or otherwise of such an industry depends upon the provision 
of sufficiently cheap electric energy. The production of the metal 
involves the manufacture of refined alumina as an intermediate 
product, which^ would also serve as the^ jaw material , for the manu- 
facture of alum and other aluminous compounds. 

Antimony is a metal of some importance for motions. The 
industrial uses for this metal and its com- 
pounds are legion, of which some of the most 
important are as metal for hardening alloys, as sulphides for 
the match industry and vulcanising rubber, and as ta^rate and 
oxalate in calico-dyeing and printing. Hitherto, only small quanti- 
ties of antimony-ore have been extracted in India ; but deposits 
are known to exist in the Mong Hsu State, Southern Shan States, 
and in the Amherst and Thaton districts, Burma. The two latter 
have recently been visited by officers of the Geological Survey of 
India* and Mr. Heron reports that although the stibnite deposits 
at Thabyu in the Amherst district are very difficult of access, 
being near the Siamese frontier, yet the quantity of ore seems to 
be considerable, so that the property offers a reasonable prospect 
of remunerative workiug. Successful experiments have been made 
in the production of regulus and metal from Thaton ores, but 
the quantity of the latter hitherto ^proved appears to be small. 
The Burma Mines Limited produces as a by-product an antimonial 
lead running 15 to 16 per cent, in antimony, which is suitable 
for use as an antimony-lead-alloy, e.jr., for ^apnel ^bullets. In 
addition to supplying alloy of the above oompositi^^n to the 
Indian Ordnance Department, the Company exportedj early in 
1918, 450 tons of antimonial lead containing 13-4 per., cent, of anti- 
mony with some copper and silver. 

The present requirements of India in this metal axe unknown, 
as the import figures are not recorded separately in the Annual 


^ ♦ See. OJSJ., SIIX, p. IS. 
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Statements of the Sea-borne Trade and Navigation of British India, 
but they must amount to at least 300 to 400 tons per annum, with 
about 100 tons of type metals. 

The consumption of copper and brass in India is consider- 
- able— of the order of 25,000 to 35,000 tons 

opper an rass. annually. The Cape Copper Company Limited 

has for some years been engaged in opening up the Matigara mine 
(now known as the Bakha Hills Upline), Singhbhum, and in July 
1917 the ore reserve stood at 407,641 tons, averaging 3'71 per 
cent, copper over a width of 42 inches. Complete milling and 
smelting plant have been installed, capable at present of pro- 
ducing refined copper at the rate of about 1,000 tons per annum, 
and vrith an enlargement of the blast furnace from three to- 
five water jackets, the scale of production will increase to about 
1,800 tons of metal annually. The ore is enriched in the mill to* 
about 9 to 10 per cent, copper, which in a trial in December 
1917 gave matte running 55 per cent, copper. In August 1918,. 
the first Bessemer converter was put into operation and blister 
copper produced. The plant is now ready for continuous operation,, 
once the difficulty of obtaining adequate supplies of coke at 
the present time of stringency has been overcome. 

Prospecting operations are being conducted at various other 
localities along the 80-mile copper belt of Singhbhum, and the future 
may see the opening up of additional copper mines in this district. 
There are also workable bodies of copper-ore at the Bawdwin 
lead mines in the Northern Shan States, and a production of copper 
firom this source may be expected in the future. The possibilities 
of the Sikkim copper deposits have not yet been satisfactorily 
determined, but should they prove workable, a hydro-electric process 
may be used for their treatment based on power from the Xeesta- 
With the establishment of a zinc-smelting industry in India, the 
production of brass from indigenous materials will also become possible. 

A considerable amount of scrap copper comes on to the Indian 
market every year, and experiments carried • out at the suggestion 
of the Board at Bangalore and Patna show that the refining of this 
scrap electrolytically offers no technical difficulty. 

There are numerous deposits of manganese-ores, chrome-ores 
and wolfram in the Indian Empire, and once 
cheap supplies of electric power become avail- 
able, the p(®ibility of producing ferro-mangan- 
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■6se, ferro-chromc and ferio-tungsten in electric furnaces in India 
must be seriously considered. Such alloys would • of course have 
to be exported in the main to foreign markets. 

Meanwhile the production of ferro-manganese by the more 
‘Customary blast furnace methods has already been successfully 
inaugurated. On account of the great increase in price of feno- 
■manganese due to the war, one of the blast furnaces of the Tata 
Iron and Steel Company at Sakchi was turned on to the manufac- 
-ture of ferro-manganese in October 1915, and up to the end of that 
year 2,658 tons of alloy were made of the following average 
analysis : — 


Per cent. 

Manganese * . 65 — 75 

Pho^lioniB 0*6 — 0-S 

Silicon 2 — 0-60 

Subsequently the average composition of the ferro-manganese 
produced was : — 


Per cent. 

Manganese • 70 

Plioi^lioraB 0-55 — 0-66 

Silicon 2-— S 

i;he average output from one furnace being about 80 tons a day. 
Ihe production of ferro-mauj^anese at Sakchi has been discontinued 
on account of the necessity of keeping both blast furnaces on the 
production of pig iron, required for the manufacture of steel. But 
from the end of 1917 one of the smaller blast furnaces of the Bengal 
Iron and Steel Company at Kulti has been producing ferro-manganese 
with a guaranteed minimum of TO per cent, manganese and not 
exceeding 0*56 per cent, phosphorus, from ores derived from the 
^Central Provinces. The average monthly output of alloy is 1,160 
tons, and the balance left over after satisfying the requirements of 
Bakchi is exported, the total exports (to Stance, United States of 
America, Italy, and Natal) up to the end of August 1918 being 
7,655 tons. 

The phosphorus contents of the alloy produced at Sakchi and 
Kulti were considerably higher than the figure 0-30 per cent, repre- 
fsenting the upper limit of phosphorus acceptable abroad in normal 
times. With a very careful selection of Indian ores ore from 
.Balaghat with 0-07 phosphorus) and the use of Giridih coke running 
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only 0*022 ptospliorus, forro-manganese could be produced with 
phosphorus withiu this figure. But considering the facts that the 
amount of Giridih coke is limited and that the percentage of phos- 
phorus in Indian manganese- ores is slowly but steadily increasing 
with depth from the surfa'ce, it is evident that India can never be a 
large producer of low-phosphorus ferro-manganese by blast furnace 
methods. The possibilities of the electric production of low-phos- 
phorus ferro-manganese deserve therefore careful consideration. 

From time immemorial the river gravels of India have been 
washed for gold, mainly by primitive castes 
and tribes who combined this pursuit with 
other occupations. The gold is absorbed locally by jewellers and 
although complete Teturns of production are naturally not obtain- 
able yet the quantity of gold so won cannot now exceed a few 
hundred ounces annually. For some years, the Burma Gold 
Dredging Company has been recovering a few thousand ounces 
of gold annually by dredging the gravels of the upper reaches of 
the Irrawaddy, a small amount of platinum being also recovered. 
But during the past few years the output has fallen ofE greatly 
and in 1917 only 1,006 ounces were obtained, so that the opera- 
tions have now been discontinued. 

By far the greater portion of the gold won in India is obtained 
from quartz reei^ worked by modem methods of underground mining, 
chiefly in Mysore, but to a small extent in Hyderabad (Deccan), 
Anantapur, and Dhalbhum. In almost every case, the location of 
the present mines was determined by the existence of old workings 
where people of by-gone days had mined the upper portions of the 
reefs and then abandoned them, doubtless in part due to the increas- 
ing difdculty of extracting ore and water with inoreasing depth, 
but perhaps in part due to political causes. 

We need refer here only to the Holar Gold Field.* The original 
companies were floated in 1881-82^ and as the features of the auri- 
ferous deposits were not at first grasped much money was wasted 
in Tnining in barren ground and amidst ancient workings, which 
were found to extend to a depth of 300 feet. By 1885 all the com- 
panies were moribund, when a dying efiort of the Mysore Company 
disclosed the great richness of the reef and the disposition of the ore 
in chutes. By 1887, the adjacent companies had resumed opera- 


* Bmc. 0,S»L, XXXn, p. 46. 
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tions and since then the history of the field has been one of nninter- 
rupted success. The deepest vrorkings are now some 4,000 feet 
below the surface and we have in the Eolar Field some of the deepest 
mines in the world, developed on thoroughly efficient lines under the 
able management of Messrs. John Taylor and Sons. Five mines 
are now working, namely, Mysore, Champion Beef, Ooregum, 
Nundydroog, and Balaghat, all employing the same general methods 
of extraction. The auriferous quartz is crushed with water in 
stamp batteries and the pulp passed over amalgamated copper 
plates, where the coarser gold is collected. The tailings are then 
classified into sands and slimes, which, in some cases, after re^grinding 
the sands in tube mills are treated in vats with cyanide solutions for 
the recovery of a further portion of the gold. From these sifiutions, 
the gold is precipitated by means of zinc shavings and the black 
slime after further treatment is smelted in pots and refined. The 
methods employed in the recovery of gold by cyanide treatment 
are interesting as an example of the employment in India of wet 
methods of metallurgy, as contrasted with the dry or furnace treat- 
ment employed in the extraction of all the other metals hitherto 
produced. 

It will be seen from the figures on page 126 that the average annual 
production of gtfid in India is about 600,000 ounces, which is worth 
about £2,300,000. The Eolar Gold Mines in the 36 years since the 
commencement of work under European supervision have yielded 
gold to the value of nearly £49,000,000 (to the end of 1917). 

For several decades the attempts to introduce into India European 
processes for the manufacture of pig iron and 

Iron an rtee conspicuous ffiilures, and for a 

brief account of these attempts, starting with the efforts of J. M. 
Heath in 1830 at Porto Novo in South Arcot, reference may be made 
to the Records of the Geological Svrvey of India, Vol. XENIX, 

p. 101. 

The now successful Barakar Iron Works was originally established 
in 1873, and passed through various vicissitudes of fortime, being 
tnken over by the present company, the Bengal Iron and Steel 
Company, Limited, in 1889 ; but it was not until 1899, under the 
present TITuna giii g Agents, Messrs. Martin and Company of Calcutta, 
that a profit balance was shown. The annual production of pig iron 
at the beginning of the j^esent century was about 33,000 tons. 
An' attempt to make steel resulted in a heavy loss on this Becti<m 
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of tlic plant in 1905 and 1906, amongst the causes of the failure 
being 

(1) the low price of imported steel at that time, 

(2) the fact that the orders received were for small quantities 

of steel of numerous sections instead of being confined 

to larger orders for a few sections, 

(3) the inferior quality for steel-making of the pig iron then 

produced, and 

(4) the necessity then existing of importing all firebricks and 

ferro-manganese. 

In 1910, the Company commenced to draw their supplies of 
iron-ore from a new source, namely, Pansira Buru, and Buda Buru, 
some 12 nules from Manharpur in Singhbhum, and from this date 
commenced a new era in the history of the Company. The plant 
now includes four blast furnaces each capable of producing about 
80 tons of pig per day ; of these furnaces, one has been diverted to 
the manufacture of ferro-manganese. The total annual output 
of pig iron for the years 1915 to 1917 approximated to 90,000 tons. 
This pig is in part consumed in the Company'^s jEounddes, etc., in 
part marketed in India, and in part exported to Japan, Australia, 
South Africa, etc. The coke-ovens are fitted with plant for the 
recovery of the by-products, tar and ammonia, the latter being 
converted into the fertiliser ammonium sulphate. The sulphuric 
acid is made at the works in a modem plant, producing about 5 tons 
of acid daily, and tlie monthly yield of ammonium sulphate is about 
96 tons. 

The Tata Iron and Steel Company, limited, which was registered 
in 1907, began to produce pig iron in December 1911 and nuld steel 
early in the year 1912 ; and after a somewhat anxious period, whilst 
overcoming the various difficulties that so often attend the initial 
stages of enterprises planned on a large scale, the works have now 
been placed on a thoroughly sound footing and have proved invalu- 
able to the prosecution of the war by providing large quantities of 
rails and sleepers for military railways in Mesopotamia, Palestine 
and East Africa and even for the Salonika front. An account of the 
development of this Company, its present plant, and projected 
future extensions, is given in a separate article in this handbook 
by Mr. Tutwiler, General Manager of the Company (see page 401). 

Beference has been made above to the discovery of the new 
iron-ore deposits owned by the Bengal Iron and Steel Company 

E 
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at Pansira Burn and Buda Bum in the Saranda fored^ts of Singhbhum 
near Slanhaipur. This discovery, due to the late ilr. R, ^ubolle, 
prospecting on behalf of Messrs. Martin and Company, may be 
destined to rank as an epoch-making discovery in the history of the 
Indian iron and steel industry. With these deposits as a starting 
point, subsequent prospecting has led to the discovery of what 
appears to be a range of iron-ore. fonniiig a definite geological 
stratum in the Dharwars of Singhbhum. At present it lias been 
visited by the Geological Survey of India only at its northern end 
(Pansira Buru), but judging from the accounts of reliable geologists 
in private employ, the iron-ore range, rising to heights of 2,000 to 
3,000 feet above sea-level («.e.. roughly 1,000 to 2.000 feet above 
the adjoining valleys), runs almost continuously for 40 miles in a 
S. S. W. direction from near Fansira Buru through Saranda into 
the Keonjhar and Bonai States of Orissa. This iron-ore range has 
been largely staked out by the Bengal Iron and Steel Company, 
the Tata Iron and Steel Company, the Indian Iron and Steel Company 
(Messrs. Burn and Company), and Messrs. Bird and Company. 
The Pansira Buru deposit, recently ^fi&ited by me, shows a body 
of high-grade hematite (limonitised at the surface), about 400 feet 
thick and 1,800 feet long, with a steep dip, down which the deposit 
has been exposed by quarrying operations for some 500 feet. 
The ore-body plunges to an unknown depth and the ore, according 
to the Bengal Iron and Steel Company, averages on analysis: — 


Iron 04-00 

Silica • ' . . . . . . . . . 3 00 

Manganese 0-00 

Phospliorus O-Uo 


Further, I am informed by ]Ur. Judd of the Tata Iron and Steel 
Company that at one place on one of the concessions of the Tata 
Company, a ravine cutting across the iron-ore range shows a continu- 
ous thickness of some 700 feet of hematite running over 60 per cent, 
in iron. 

An officer of the Geological Sun^ey of India has been detailed to 
make an examination of the whole iron-ore range, and if his examina- 
tion and the results of future development work confirm the present 
ideas as to the magnitude of this discovery, it is evident that India 
may be regarded as provided with reserves of high-grade iron-ore 
commensurate with as large an expansion of her iron and steel 
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industries as may be justified by the roquireinents not only ot* [ndia 
but of surronnding eastern markets. 

TiMien one remembers the existence of vast iieposit«i of Ihne- 
stone in Gangpur State to the west and the proximity of :he mo-t 
important coalfields of India, it seems probable that future develop- 
ments in iron and steel smelting iu India will be concentrated in or 
near Singhbhum. These probabilities, combined with the actualities 
of Sakchi, the successful inauguration of copper smelting by the 
Cape Copper Company, and the arrangements to smelt the Burmese 
zinc concentrates in Suighbhiun, not to mention such snialler 
enterprises as those based on the apatite, chromite, wolfram, ochre, 
and clay deposits of this district, make it evident that Singhbhum 
!3 destined to become the metallurgical centre of India. This 
certainty would justify Government in taking all measures in advance 
to provide for a scientific organisation of the district as rcg,ards 
administration, communications, and sanitation. 

IVhilst the production of iron and steel by the well-established 
methods of smelting with coke as the source of heat is bound to 
centre in Singhbhum, the question of producing electric steel and 
ferro-alloys in Mysore is receiving attention, and should a large 
hydro-electric scheme be installed near the West Coast, as is proposed, 
the question of smelting the hematitie ores of Goa would also be 
worth consideration. 

The possibility of treating the low-grade magnetites of Salem 
has been examined, and it is evident that these quartzose magnetic 
ores, like the magnetite-apatite-roeks of Singhbhum, will, unless 
smelted in admixture with other ores, be suitable for treatment as 
iron-ores only after magnetic concentration and briquetting. 

deposits of galena have long been known to exist in 
various parts of the Indian Empii'e. but it is 
“ ’ only in this centurj’ that attention has been 

given to the possibilities of the old silver-lead mines of Bawdwiii 
in the Northern Shan States. These mines were worked hy Chinese 
from Yunnan for some centuries and deserted about 50 years 
ago. The Chinese extracted a portion of the lead with the 
bulk of the silver and left large heaps of zinc-lead slags cany- 
ing a little silver. Modern work was commenced on these deposits 
by the Great Eastern Mining Company, Limited, in 1902, one of 
the first tasks undertaken being the construction of a light railway 
to connect the mines w'ith Manpwe station on the Burma Bailw'ays. 

K 2 



The property was eventually sold to the Burma Mines Eailway 
and Smelting Company, Limited (now the Burma Mines, Limited), 
and in 1909 the first production of lead and silver, mainly from 
slags, took place. In 19r4, the control of the Burma Mines. 
Limited, was assumed by the Biuma Corporation, Limited. Develop- 
ment below the old Chinese workings has led to the recogniticL. 
of four main ore bodies, three of which are composed of complex 
argentiferous lead, zinc, and copper ores. On June 30th, 191S. 
the ore reserves then developed stood at 4,279.888 tons, assaying 
26-8 per cent, lead, 18*7 per cent, zinc, 0*7 per cent, copper, 
and 24*2 oz. silver per ton. In 1917, the production amounted to 
the substantial figures of 16,963 tons of pig lead and l,5SQ,5u7 
ounces of silver, whilst the production for the first eight months 
of 1918 has been 13.182 tons of lead and 1,396,212 ounces of 
silver, giving monthly averages of 1,648 tons and 174,526 ounces 
respectively. MTien present extensions are completed, the annuel 
capacity of the plant will be, refined lead 31,500 tens; silver 
2.473,000 ozs. ; sdne concentrates about 25.000 tons. Further exten- 
sions are proposed for the future. 

On completion of the mill the ores will be classified into lead and 
zinc concentrates, the flotation process being tised. At present lead- 
ores, after roasting, are run through a blast furnace with limestone 
and iron-ore as duxes and Jharia coke as fuel and reducing agent. 
The hard lead from the blast furnace is then re-melted in a rever- 
beratory fiuTiace known as the improving furnace, a dross containing 
copper, nickel, and arsenic with some silver being removed from the 
surface. The purified lead is run into another smaller furnace, 
worked at a higher temperature, where antimoniai dross is removed. 
The resultant lead from the antimony furnace is then de-silverised 
by the use of zinc, and the silver crusts purified by the distillation of 
the zinc followed by cupellatiou to remove the lead. 

-is by-products the antimoniai dross is treated to yield an anti- 
moniai lead with 10 to 20 per cent, of antimony, which is marketed 
as such, a copper-lead matte, and a nickel spdss, which are being 
stored, presumably mitil the accumulation of sufficient quantities 
to justify treatment. 

By referring to the tables of production, imports and exports, 
on pages 126 and 127 it will be seen that by 1916 India had become self- 
supporting in respect of lead. The monthly production of the 
Bawdwin mines has now reached a figure of over 1,600 tons a month 
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’which, if maintained, would correspond to an annual output of 
nearly 20,000 tons. This is more than sufficient to satisfy the 
demands of India and Ceylon, which are about 15,C»00 to 16.0CK> tons 
yearly, chiefly for the manufacture of tea-lead, but partly for 
ordnance purposes, and for sheets, pipes, solder and other alloys. 

The Burmese pig lead, though of high-grade, is not pure enough 
for making sheets for some chemical purposes, such as the manu- 
facture of sulphuric acid ; but it has been found possible by further 
treatment to produce lead of the requisite degree of purity and it is 
proposed to use such lead for the sulphuric acid plant being erected 
in Singhbhum in comiection with the scheme to smelt the Burmese 
2 iiic concentrates at Sakchi and recover the sulphur as acid. 

Xickel is the only metal of priniary importance for munitions 
NkkeL purposes of which adequate supplies of ore 

have not yet been located in India. Xot only 
is this metal required for munitions purposes, but also for the new 
one-anna and two-amia coins, which are composed of an alloy of 
nicli^l and copper. Nickel is also used in the preparation of German 
silver, of which there is a small annual import into India (see 
page 127). As noticed under lead, a small quantity of nickel may 
one day be forthcoming as a by-product from the smelting of 
the Bawdwin ores. 


There has been a very small annual production of this metal, 
Platinum. recovered by the Burma Gold Dredging Company 
from the Irrawaddy gravels above Myitkyina. 
This company has now, however, ceased work. Platinum is also 
said to have been found in gravels in the Chindwin and Hukong 
rivers. The ultra-basic roclb containing the chromite deposits of 
India may, any of them, prove to contain platinum, and considering 
the great scarcity of this metal throughout the world, it might 
be worth while testing the gravels and sands in streams originating 
from such ultra-basic rocks. The phys^iographic conditions in the 
sasonite massifs of Baluchistan in which the chromite deposits occur 


are so favourable for the accumulation and discovery of platinum, 
should it exist in the parent rocks, that a search there is very 
desirable. One test earned out by the Baluchistan Chrome Company 
at my suggestion gave, however, a negative result. 


India is well known as the largest consumer of silver in the 
world and is often referred to as the sink ” 
for silver, for a large proportion of the metal 
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that comes into this country gets locked up in the form of jewellery 
and as hoarded coin. The net annual iniport& of silver during 
the quinquennial period 1904-08 was over 91r,000.(H.tO ounces and 
during the succeeding quinquonnial 1908-13 over SlA’KXXOOO ounces. 
But in spite of India's traditional wealth in silver this country 
has never, as far as is known, been a producer of this metal, 
except in trivial quantities. The opening up of the Bawdwin lead 
mines is therefore a matter for some satisfaction on account of 
the rapidly increasing output of lead and silver, the yield of 
the latter metal rising front 27.500 oimces in 1909 to a rate of 
production in 1918 that promises a total of over 2.000.0CO ounces. 
The proposals for the extension of smelting facilities at Xamtii 
will give a daily production of 21,000 ounces of silver or some 
7,000.000 ounces of silver yearly. 

A small amount of silver (612 ounces in 1915. 1,362 ounces i*. 
1916 and 1,281 oimces in 1917) is won from the Anautapur Gold 
Mines. 

From the statistics of imports and exports it will be seen that 
India does not yet produce all the metal 
required for internal consumption. She is. 
however, likely to do so in the future and in any case cau always 
satisfy her requirements from her neighbour the Federated Malay 
States, which is responsible for some 43 per cent, of the world s 
output of this metal. Such metal as is smelted in l 40 wer Burma 
is produced in small furnaces of a primitive type. 

With the proposed installation of mills for rolling steel plates at 
Jamshedpur (Sakchi). the production of tiu-plate in India seems a 
probability of the near future. 

Hitherto India has produced no zinc, being entirely dependent 
21 ^^ upon foreign supplies. It is now proposed to 

erect at Sakchi plant for the smelting in India 
of a portion of the zinc-sulphide concentrates of Bawdwin, on a 
scale of 70 tons a day of concentrates running 48 per cent, zinc and 
so per cent, sulphui. with a production of 29 tons of spelter and 90 
tons of chamber acid, equivalent to about 10,000 tons of spelter 
and 32,0CK) tons of acid per annum. The latter will, of course, be 
of great value in promoting the chemical development of India, 
whilst the establishment of zinc smelting will tender possible the 
proposed production at Sakchi of galvanised iron sheets. 
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The Future of Hydro*Electric Power in India.^ 


By J. W. Meares, il.I.C.E.. 

EhcUioil. Adchvi' to thi Gotc/fiUiOtt f}f h d!*?. 


The chief sources of power in the world (exclusive of aniir*ai 
power) are fuel, \YateT nuil wind. The sun is 
of course ihe ultimate source in all four case?. 


Sources of power. 


and on an experimental scale solar heat has been diioctly utilized 
for the generation of steann More usually, however, either tie 
fuel, which solar action caused to grow in ]winieval forests, or tie 
water, which is daily raised by evapt)ration to fall again by gravi- 
tation, or the rvind which results from variatioTts of temperature, 
is harnessed for the needs of mankind. Wind power and run 
power are too precarious and variable to be used on any bur a i>niall 
scale, and water power does not always exist wheie it is wanted. 
Consequently the world's industrial development depended, until 
recently, upon fuel through the agency of the steam engine. 
Latteriy the steam turbine and the oil euguie and gas engine have 
taken up their share of the burden, \shile simultaneously the 
advances in electrical transmission have enabled progressive coun- 
tries to develop their water power. Fuel sujiplies are not un- 
limited, and unless the factory is hrouaht lo the coal or oil field 
the fuel must be carried to the factory — or at least within reach of 
transmission of power. Unless rlie facilities for such carriage are 
except ionallv good it is found nunv economical to transmit the 
power than to carry the fuel. Mechanical transmission is prac- 
tically limited to a few miles, and although there are considerable 
possibilities in the intermediate device of converting fuel into gas 
for pipe transmission it is established that for long distances elec- 
tricity is the only method of transmitting power. There are losses 
ill anv case, whether in the form ot actual power wasted in heat, 
or of annual capital charges, or of fr eight. 

* Reprinted from the Bengal Economic Jonnica for September I^IS by kind pe:- 
mUsion of the Joint Editoxs. 
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One development of water power, dear to tlie inventor and 
the patent agent and cordially disliked by every patent office in 
the world, is tidal power. It is perfectly true that enormous 
stores of energy are unutilized in the tides, but, apart from their 
periodic nature, their development would in most cases cost far 
more than would suffice to provide the equivalent power by other 
means. Leaving this branch of the subject to the cranks, there 
are three, and only three, clearly defined cases in which water 
power can be developed on sound lines. 

It is necessary here to explain that the power obtainable in 
any case is proportional to the product of the 
P® of water used and the height through 

velopment which %t falls m the pipes leading to the turbine 

wheels. Thus 1,000 lbs. of water flowing under 
a head or height of 100 feet generates the same total amount 
of power as 100 lbs. of water flowing under a head of 1,000 feet 

or 10,000 lbs. under 10 feet. In each case, the total is 100,000 

foot-pounds ; it is immaterial whether it flows quickly or slowly, 
as this simply affects the rate and not the total amount. In any 

of these cases, if the assumed weight of w^ater passed through the 

turbines in one minute, the rate at ivhich power would be developed 
during that minute (or indefinitely, if the flow continued at the 
same rate) would theoretically be 100,000 foot-pounds per minute 
or 3a H.-P., of which about 85 to 90 per cent, would be available 
as mechanical power and 75 to 85 per cent, as electrical power. 
It will therefore be seen that in order to get power on a large scale 
it is necessary to find- 

la) a small flow of water available with a very large head, 
which may be anything up to about 3,000 feet, such 
as may be found in mountainous districts and hill 
streams at high altitudes. 

(6) a verj’ large flow of water with a comparatively small 
head, such as may be found on a canal fall or in a river 
with a moderate bed slope or a waterfall. (A com- 
bination of a large or moderate flow as in (6) with a high 
or moderate head as in {a) is an ideal combination 
but is not a distinct case) ; or 

(c) a high head coupled with very large monsoon rainfall and 
ground capable of storing it in large reservoirs, (In this 
case there may be practically no normal flow ; the water 
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stoied ill the short rainy season is utilized thronghont the 
year, as in the Tata schoines in Boniliay). 

It may be stated definitely that the slow-moving rivers o£ the 
plains of India, with a fall of a few inches or a few feet per mile, 
are absolutely valueless as sources of water power. Although in 
small streams of this nature undershot waterwheels are often 
used to drive small mills, the problem becomes impracticable on a 
large scale, and may be relegated to the categorj’ of tidal power 
and the like. A definite fall (whether o natural fall or one develop- 
ed by the engineer) is essential, and where the slope of the gi*ound 
is negligible and the seasonal rise and fall of the water Ls great 
no practicable fall can be obtained. The common niisconceptiun 
that a natural waterfall is required is of course unfounded. 

In all these cases it is obvious that large capital expenditure is 
necessary on the hydraulic development : fur- 
capiS'cha^es mT'iml’ as water power mast be developed 

where it is found, a long transmission line is 
often necessary. For these reasons, the total cost of construction 
is almost invariably higher than that of a steam-driven plant of the 
same capacity ; and the annual capital charges for interest and 
depreciation are correspondingly higher. 

Against this may be set the fact that the runniug costs of such 
a station are relatively low, as no fuel is involved. The total 
cost of running does not depend to any appreciable extent on 
whether the plant is fully or only lightly load^ ; it is practically 
a iSxed sum per annum; so that the cost per unit is practically 
proportional to the total number of units generated. This is 
not so with fuel-consuming stations. Every extra unit generated 
then involves the consumption of a definite amount of fuel with 
a definite cost; and while the total cost rises with the number of 
units generated and the cost per unit fells somewhat, the latter 
is by no means proportional to the total units. In any parti- 
cular case, therefore, the practicability of a hydro-electric scheme 
depends on the cost of fuel in the locality where the power is 
wanted. 

To take an example, assume a plant of 5,000 kilowatts capacity 
is required at a certain place where sufficient water power exists 
within transmission distance. Assume the total cost of the hydro- 
electric scheme and transmission line to be Bs. 50,00,000. (It 
might be very much less in fevouiable circumstances.) Taking 
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interest and depreciation together at 10 per cent., the annual cost 
on this account will be Rs. 5,00,000. 

Let the cost of a steam plant of the same capacity, built wheie 
the power is actually needed, be assumed to be Es. 15,00.0C»0 with 
similar annual capital charges of Es. 1,50,000. Now- if for siinpH- 
city it be assumed that the annual charges for wages, stores, repaiis 
and supervision are the same in both cases (an assumption near 
enough to the truth) there will be the difference between Es. 5,00,000 
and Es. 1,50.000 or Rs. 3.50,000 to set off against the cost of fuel 
for steam raising. Under the ideal conditions of largo electro- 
chemical works this plant, allowing 1,000 kilowatts to be kept 
for spare and therefore 4,000 for work, would generate about 2S 
million units (80 per cent, load factor). Under ordinary industrial 
conditions the output would be less than half tliis, or say about 
12 million units. Clearly, therefore, not only the cost of coal but 
also the load factor of the plant (/.e., in uoudechnical language 
the ratio of its actual to its possible output) is of immense import- 
ance. If it is assumed that the low amount of only 2 lbs, of Indian 
coal will be requued per unit, with modern plant of large size, 
the consumption w’Oiild be 25.000 tons for 28 millions and lO.ToO 
tons for 12 million units. As the amount available to make the 
costs just balance out between steam and water power is Rs. 3,50,0C»l\ 
it follows that with the larger output coal at Es. 14 per ton would 
absorb this amotint, while with the smaller output the figure 
would be nearly Rs, 33. From this example (in w'hich the figures 
are not meant to represent estimates) it will be inferred that as 
the load factor rises towards the ideal limit the advantage of hydio- 
electric power increases. Bearing in nund the vast difference in 
the cost of fuel in different parts uf India, due mainly to raihvay 
freight, it will also he seen that the distance from fuel supplies 
is a very material factor. With coal under Es. 10 per ton it is 
doubtful if water power could ever compete unless (rare combi- 
nation) it existed right on the spot and could be developed ex- 
ceptionally cheaply. On the other hand, with fuel at over Rs. 30 
s\ ton, water power would generally prove cheaper and, for a well- 
sustained industrial load, invariably so. Between those limits proper 
estimating would be necessary. 

An interesting side light on the above discussion is also woithy 
of mention. The inexperienced financier is notoriously apt to 
look at present capital expenditure and neglect to take into consi- 
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deration future recurring costs; consoqueutly lie often accepts tlie 
lowest tender to his tiltiiuate detrinieut. We have assumed above 
that a steam plant of 5,000 kilowatts total capacity com IN. 
and requites 2 lbs. of coal per unit. Xo^\ on the two tut id out- 
puts assumed the consumption of coal ou this basis is 25,<lO(t aud 
lOJOO tons. Would it pay to accept a tender of Es. 12.<H.),UCh» 
for cheaper plant of the same output if the fuel consumption were 
theu 2^ instead of 2 lbs ? The extra fuel used would amount tc» 
G,2o0 and 2,675 tons in the two cases, Xow taking 10 per cent, 
nn the capital cost saved by accepting tbe lower tender, the annual 
saving is Es. 30,000 ; the* extra fuel used, even at Es. 10 per ton. 
comes to about Es. 62,000 with the largo output of units and to 
about Es. 27.000 with the lower output. Thus with veiy cheap 
fuel and a *'■ bad load it sometimes pays to buy comparatively 
uneconomical plant ; but with expensive fuel and a good load 
factor }}€V€r. If the cost of fuel assumed weie Es. 15 instead of 
Es. 10 the more expensive plant would prove the cheapest on eithei 
the large or the small load, Mtich money has been wasted in India, 
and much disappointment caused, by the neglect of these principles. 
At the present time, compared with other countries blessed 
with plentiful water power, India has made 
ill ^levelopiiwirts little use of her resources. Switzerland. 

Norway and the United States realized the 
value of this potential wealth long ago, and the war has caused 
the whole question to be reviewed in order still further to utilise 
it. There is one actual undertaking of modeiate size at work in 
Bombay Presidency, r/c., the Tata Hydro-Electric Power f*'upply Co. 
But it must not be forgotten that at the jiresent day tliere are single 
generating units of 30,000 kilowatts at work, while the whole of this 
scheme only amounts at present to 5O,0CO kSowatts, It is therefore 
not a very large undertaking, except by compaiisou tvith otheis in 
India. Two other similar undertakings are projected in Bombay. 
Over the rest of India there are only two or three fair sized hydro- 
electric plants and a few small ones for domestic supply. Of 
the former, that on the Cauvery is the most important, as its out- 
put is mainly used for industrial purposes on the Mysore gold fields. 
Hitherto, in the public mind, electricity has been mainly asso- 
ciated with lighting and fans. These are es- 
us2afe1ec?rfclfr?™***** cellent in their way, and it is grievous to see 
how little they have been developed in the- 
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last 20 years. lu the industrial life of a country, howerer, they 
can play but a small part, subsidiary to manufacturing industries. 
Slowly but surely the driving of mills and factories by electricity 
is coming into play, and th^e is yet a great extension possible of 
electric driving. But it is in the use of electricity directly, in 
the furnace, the arc or the electrolytic cell, that the real future 
lies. The most important processes are perhaps those for the 
fixation of atmospheric nitrogen into the nitrates of commerce. 
Norway was the first country to develop this industry on com- 
mercial lines, and now, when nitrates are scarce and frei^ts heavy, 
and the peaceful demands of agriculture have been superseded 
by those of war, other countries are hastily making up leeway. 
The production of aluminium from alumina, of which bauxite 
is the most generally used raw material, is perhaps next in im- 
portance to the nitrates. The steel industry, again, is being 
slowly revolutionized by the electric furnace, which introduces 
economies in the utilization of what has hitherto been regarded 
as scrap and turns out a finished product superior to that of other 
and older methods. Amongst other processes of importanGe are 
the electrolytic production of the carbides of calcium (for acetylene), 
etc., and of ‘chlorine (for bleaching and poison gas) ; the manufac- 
ture of phosphorus ; the electrolytic preparation of various rare 
metals of use alone or as alloys ; and the synthesis of carborundum 
and other abrasives in the electric furnace. 

In most water-power plants hitherto developed the capital 
cost has been high, and the sale price per 
Power fader mA mat ootrespondindy so. If the technical dis- 
friel^wer. cussion above has been mastered, it will be 

evident that, as the total annual cost is prac- 
tically a fixed sum, the unit can be sold &r cheaper to a consumer 
who is usmg all his machinery, etc., throuj^out the 24 hours than 
to one who only uses it for 2 hours; in fact, in the ratio of about 
12 to 1. This is the reason why consumers always have to pay 
higher rates for domestic lighting than for industrial power; it 
is true whatever the source of power may be, but more so with 
water power than with steam. The usu^ selling rates for lig^libig 
in India are from 3 to 6 annas a unit; for industrial power from 
1 to 2 annas where steam is used and somewhat less where the 
plant is water operated. Here again an interesting contrast may 
he drawn between steam and water. No mattw how ideal the 
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conditions may be, every unit soW from a steam station costs a 
definite sum in fuel ; and therefore, even though some of the plant 
may be idle, there is an absolute limit belovr which sales would result 
in loss. Paradoxical though it may seem in view of all other 
commercial transactions, there is practically no such limit in the 
case of a hydro-electric station. The total working costs are not 
affected by the generation and sale of additional units. Therefore, 
when all the load has been obtained that is in sight, at normal 
tariff’ rates — for dividends must be obtained — extra sales at any 
price will pay so long as they do not involve an increase in the 
size of the plant. They bring in money without involving any 
expenditure. This will be more evident if an example, simplified 
in order to avoid diagrams, is given. Suppose a hydro-electric 
plant with a working capacity of 4,000 kilowatts actually had this 
load (or thereabouts) during the whole W'orking day from 6 a.::. 
till 6 P.M., but that for the remaining 12 hours its average load 
was only 1,000 kilowatts, the average generating cost of a unit 
being 0*5 anna under these conditions. If there wras no prospect 
of obtaining work for the idle plant during these night hours oi> 
the ordinary tariffs, it would pay to take on consumers at 0*3 or 
0*2 or even 0*1 anna per unit provided they were restricted to the 
use of power at night only. Of course their additional consump- 
tion woid bring do\ni the average cost of a unit. If, for instance, 
night working factories were started, using the whole available 
3,000 kilowatts, the average cost would be reduced from 0*5 to 
about 0*3 anna. But, as stated, in order to get this extra revenue 
it would pay to supply this factory at a far lower figure than the 
reduced average. It is, in fact, constantly done in actual com- 
mercial undertakings. 

Where electro-chemical industries on a large scale in question 
it is essential that the price of the power 
Conditions for econ- Yerv low, if the manufactured product 

vetopment. is to compete with that produced elsewheie. 

The cost of power is of course only one item 
amongst many in determining the sale price of the finished article, 
but it is a very important item — perhaps second only to the freight 
of the raw material to site and the finished product to maiket. 
Where the conditions of the hydraulic development are such that 
construction on a large scale is reasonably cheap ; where the locality 
is such that the freight of the plant and materials thereto is low ; 



and where the length of tiausuussiou to the facton* is reasonable ; 
power can probably be delivered at about one-tenth of an aiuia 
per unit including all charges. Indeed, if the cost is much higher 
than this, the proposition becomes untenable. Obviously, the under- 
taking must be on a fairly laige scale to be of any use. The larger 
the individual units of plant are made the smaller becomes their 
prime cost per kilowatt and the higher their efficiency. The 
various electro-chemical industries are favourable to these low 
costs as they are practically continuorrs processes, utilizing the 
whole plant to almost its utmost capacity throughout the year. 

In considering the value of sites that may possibly meet these 
ideal conditions, the first point to consider is 
undoubtedly that of freight and carriage; for 
it has a triple application. In the first place, the raw material 

imist be brought to the site, unless already on it ; secondly, the 

finished product must be taken to its market : thirdly, the plant 
must be delivered at the power bouse. Cases are knoviT. whei-e 
the carriage of plant over 20 miles of mountciu roads cost more 
than its freight from England to the railway terminus. Cheap 

•power is useless if the saving is swallowed up in expensive freight. 

Where bulky raw material has to be brought to the factory and 
sent back finished, the obvious course is to build an electric railway 
from the nearest terminus, seeing that cheap power for workmg 
will be available. In order to get the plant to the power house 
there must be a road, and tliis road should be built so as to afiord 
a suitable track for the subsequent railway. Druing the cons- 
truction period, a light line worked by steam nill probably pay as 
against other methods of transport of the plant. The tendency 
of the man who put his travelling crane up after erecting his plant 
is often only too apparent in these matters, and carriage by coolie 
is seldom cheap. 

From small beginnings electrical transmission of power has 
„ ... now reached the stage where it is possible 

ra on poaer. factory 250 miles or more from 

the power station, and it would be unwise to say that the 
limit of high pressure has been reached. In the case of water 
power from mountainous country, there may be insuperable diffi- 
culties of ground or cost in luting out a railway to the size, 
though the plant can be transported there. Even if these 
difficulties do not exist, if the raw material of the industry 
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is within the limits of transmission it w^ill probably prove clieapei 
to erect a long transmission line rather than a railway, which nmy 
use more poTNer than will be lost in transmission. It is simply 
a question of estimating which method gives the choape&t finiaUod 
Xirocluct. Either the material can be brought to the power house ; 
or the pow'er to the factory ; or a combination oi both methods 
may be the best. Mountainous country has one great asset for 
transmission in that the ridges form nature's own supxjorts for 
the lines : with comparatively small towers, the valle}'S offer plenty 
of room for the dip of the wires on long spans. It also follow’s 
that by reducing the number of points of support, by the use of 
long spans, there are fewer points at which damage from lL'ltirj:g 
can occur. The loss in transmission can be made almost as h>i‘ge 
or as small as the designer chooses, according to the size of the 
wires used; ordinarily about 10 per cent,, is alluw^ed. Wliere 
steam is used to .eneratc the pow*er. the coirect loss can be cal- 
culated according to Kehin's law and its modifications, such tliat 
the capital charges on the conductors balance the cost of the power 
lost in them. If' more power is required, more generating sots can 
be added indefinitely. With unlimited \vater power, the cost of 
the lost power is of secondary imi)Oi*tance, and larger losses i.uiy 
be advisable than in the former case. On the other liand, if the 
available power is likely to be all requii'ed’— and this is generally 
the case — ^the line losses may have to be reduced to very low anioui;ts, 
since every unit available for the factors- is of value. 


In large steam-driven plants, the capital cost of the i;>owor house 
and plant is a matter wfiiich can be- forecasted 
Cheap amiopment. acciuacy, except for the cost of freight 

and carriage, independently of \vhere the site may happen to be. 
This cost may be more or less wfithin comx>aratively .«mall limits, 
especially according to whether there is a satisfactory water supply 
for the boilers and for condensation ; and this latter point w'ill 


affect the nmuing costs greatly. On the other hand, the capital 
cost of a hydro-electric scheme may vary enormously in ditfcvfiit 
cases. In the first of the three classes of undertaking enumerated 
in the early part of this article, namely, large heads of water with 
a small flow, the water has generally to be carried along an oi>en 
flume for miles in order to reach a point at which the large available 
‘drop can be utilised by means of the diortest length of steel pipes. 
Then a certain amount of storage at this pipe head is essential. 
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in Older to guard against the failure of the supply through a break 
in the flume. Then, again, the steel pipes themselves may bo 
longer or shorter according to the ground. Landslips and bad 
ground have to be guarded against, tunnels oonstrnoted, and other 
streams bridged. These various conditions involve enormous variations 
in capital cost, which can only be forecasted by surveys and estimates. 

The second class of undertaking, with low or moderate falls 
and a large volume of water, includes both canal and river devrloji- 
ments. Canal falls axe for the most part very small, and thougli 
the power house and foundations will generally bo expensive the 
rest of the development does not vary greatly in cost. Annual 
closures, however, militate lai^ely against the use of these falls 
for industrial purposes other than sub-soil pumping or high level 
irrigation. River developments, except that they usually do not 
require storage reswvoirs, may vary indefinitely in cost. Liili- 
cult problems are involved in -Rawing off the water at th*' lieiul- 
works and in conveying it to the power station, and the litnifs of 
cost may vary almost as much as in the e»ii}c first cotmidered. 
Floods and the great variation in the height of the heiid and tail 
waters offer further difficulties. 


In the third class of undertaking, largo storage is the crux of 
the problem. No matter what the monsoon rainfall nmy be, 
unless sound natural reservoir sites exist, development is un]HW8ib1c. 
If dams can be built to impound enough water to run the station 
through the year, and if the capital cost does not prove so great; 
that steam would be cheaper, well and good, ircro the height 
of the reservoirs above the power station must be as liirgi* jis pussiblc, 
for every extra foot means extra power. On any givcti lum«i, 
every ton of water belmid the dam repreHent.s a definite 

quantity of power in horse-powor hours (or in units) luid in mojiey ; 
and as the quantity of water is limited every j‘xtru foot in height 
means additional revenue. Thus every hundred rupees spent on 
masonry may provide an amount of |«)wer varying both neeonling 
to the altitude of the dam above the power house and the number 
of cubic feet of water it stores, dqmnding on the conlignrHtion 
of the ground. 


All these problems require expert invostigntion. The first stage 

Butaot bydro-elec- investigation is U, decide what 

trie survey, mdustnoB are to be undertaken, where the 

raw materials of the same aro to bo found, 
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and tlie powf^r rpquiml for thorn. Tht‘ tif*xt which c<nihl 

be independently exainincfi, is to itKcertain the siten where 8ufii- 
cienfc power is available and capable of «levelf*piiieni at T«‘as<»nable 
cost. It innst again be urged that, as the extra largo* capitfd in- 
volved is merely a set ofT against fuel, the n*nt charged for the use 
of the waiter in a canal or river Bhoiild be absolutely nominal : 
for passing it through turbmes does not prevent its subHequent 
utUkation for irrigation. Thirdly, the practicability of bringing 
the raw materials and power together must be examined, together 
with questions of freight and carriage. Finally, although in most 
oases the result is a foregone coiudusion, it niust be determined 
whether coal ntilized at the pit’s mouth can canmU compete 

with wat(tr powi^r ; ainl in this coniu'ct ion t^xisting railway facib 
iti<*s evidently play a (‘onsidorabie part. 

TiH‘re is work here not only for the tbatrical engineer hut uIho 
for tin* chemist, the geoiogist, the ineteoi(»logi.Ht , the iirigation 
engineer and the \vater-p(nvi‘r <*xpert, Coidluding claims arc bound 
to arise, but the ultiuuite good of India slundd be the deciding 
factor. 



156 


Indian Munitions Board Handbook. 


Electrical and Mechanical Engineering in India. 

By H. Bckkikshaw, 

Controller {Eleehieal a/nd Mechanical) Indian Munilions Board, 

At the outbreak of war India found itself singularly {Unequipped 
to cope mth its ovm deoitxands for mechanical and electrical machiurry 
and appliances. Large imported stocks were, however, avatlnblc 
and these, for some time, served to reUove a situation which might 
otherwise have been disastrous. 

The reduction in imports of aU manufactured goods iiecesHdrUy 
tools increased the pressure upon Indian fuctorics 
and this, in turn, created a very large demand 
for machine tools without which it was impossible to manufacture 
new ma^^eiy and spare parts for existing machinery. These 
machine tools were supplied almost exclusively from imported 
stocks, hut a number of the simpler kinds were manufactured to 
meet very urgent cases. Hitherto, private enterprise docs not 
appear to have attempted to manufacture machine tools cnisdde 
of working wildi that degree of precision and speed demanded by 
modem methods. That such machinery can be produced in India 
has been clearly demonstrated, and notable (‘xaniplcM are the exeep 
tionally high class lathes manufactured in the Liiloonh Workshoim 
of the^ East Indian Railway. The manufacture of machine tools 
in India is of the utmost importance as, without them, no other 
machinery can be produced all industry must be hampered. 
It is fortunate, therefore, that the manufacture of machino tools in 
India is likely to be established in the near future. 

Heavy machinery requiring no great degree of ])r(H‘ision in mauu* 
Machtaery. lactuxe, such as dow spied steam engines, 

presses, pumps, looms for coarse 
fabrics, mortar mills, ooUiery haulages, etc., is readily manufaefeuxed 
in India and many such machines are in successful openiion. 
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Several engineering firms have n»\v stanrlarrli^nl tke<ic machines 
and their prodnetinns are at least (•ipial to tlnwe pn'vionsly imported. 
It has been possible to comply not only with the iioriiud demands 
but also with those from the army, and them ajipears to he no rciasoit 
why the import of this elass of machinery shoitld aunin rise to its 
pre-war value. 

Portable citgines, traction engines and road rullers are not mnim- 
fuetured in India. iSmall vertical, and Lancashire type boilers have 
been made in rare casci^ but the total output is small enough to 
be practically negligible. This type of mariiinery is rc(|uired in 
iaifge quantitie.s, and India is «le|Hntdt>iit entirely upon iintiorts. 

Before the war, engiimering firms in liidiu principatly euneerned 
themselves with the noii-reenrring di-ioiiiids for nmehinery not 
usually imported, iitill-w righting, repair work and steel -truetural 
work. They have siitee iiinl to turn their attention to the manu- 
facture of a diversity of luaehincs and [uirts of msehines for which 
their wurksiKips were imperfectly equipped. The results obtained 
rcflect'great credit upon tlio perseverance and ingenuity of indivi- 
duals, and it has goncrally been possible to obtain from them any- 
thing which was of vital urgency. But in the present state of 
industrial development in this country, these efforts must be 
regarded for the must part ns /oars de furce and, when peace 
conditions return, fora time at any rate, India mnst e.vpis-t to a great 
extent to fall liack to her pre-war dependence on imported machinery. 
The reason of this is ohviuus. Modern engineering works use largely 
certain proiiucts which they do not themselves manufacture.* Amongst 
these arc, pig iron, mild steel tubes, wire, plates and sections, copper 
and brass rods, tubes, brighVmaoluned screws and nuts, wood 
screws, split pins, washers, tool steel, twist dnlla, outtecs, spiingi, 
etc., etc. With the exception of pig iron and mild steel sections,^ engi- 
neets in India are dependent for all these almost entirely upon imports, 
and until these conditions are altered the manufacture of machinery ■ 
to meet the very large demands cannot well bo undertaken. 

The manufacture of elaotiical maohineiy, such as dynamos, 
motors, transformers, etc., has not been attempt- 
ed in India on account of the difficulty of 
obtaining the requisite material. The 
principal materiala required ore oast iron of h%b psansahility, 
mild steel, thin iron pbteo with special megnetb proportiss, copper 
eriie, oopper bsn of qpedol seetions, ootton yam and tape, miea, p r ess 

t.2 
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spahii and certain varnishes, in which shellac is usually' an ingredient. 
After experiment, it would doubtless be possible to produce suitable 
cast iron, but there is no immediate prospect of producing from indi* 
genous sources the thin iron core- plates, electrolytic copper wire and 
sections, cotton yarn and tape, and pressr-spahn. The cotton tape 
and yam required must be made from fine counts, entailing the use 
of long-staple cotton, and the finished product must be entirely free 
from dressing and of uniform dimensions. This has not yet been 
produced in India. 

A certain amount of switch gear for direct current has been 
manufactured in India during the war, and the results reflect great 
credit upon the firms concerned, the gear comparing very favourably 
with similar imported articles. The difficulties of manufacture have 
been great, as with the exception of pig iron for the castings, recourse 
has had to be made to imported copper sheets, brass bars, etc.; 
and in almost every case it has been necessary to utilise such material 
as was obtainable, rather than that which would normally have been 
used. All small pins, screws, nuts, springs and washers have had 
to be manufactured, either by hand or upon unsuitable machinery, 
and this has resulted in increased cost of production and the sacri- 
fice of interchangeability. 

A notable ‘ achievement has been the successful production of 
electrical porcelain, the insulators now produced in India being 
in every way equal in quality to the usual imported types. None 
were made in India before the war and, if the existing factory is 
extended to supply insulators in large quantities, there appears to 
be no reason why the import of this article should not cease. If 
electrical porcelain becomes readily available, factories could be 
established for the manufacture of such accessories as ceiling roses, 
tumbler switches, wall plugs, cut-outs, distribution fuses, etc., etc.^ 
all of which are at present imported. 

All such electrical fittings as water-tight lanterns, deck fittings, 
ironclad plugs and sockets, hand lamps, table lamps, plain glasa 
globes, and the like are now manufactured in sufficient quantities 
to meet the present curtailed demand. In many cases they are 
superior to the imported article and only in rare instances is there 
a marked inferiority. 

No attempt has been made to produce insulated conductors and 
insulating materials (except porcelain), and the whole of the 
requirements have been met from imported stocks. The rubber now 
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produced in Southern India, however, is of very high grade and 
eminently suitable for electrical purposes, and there is no insur- 
mountable obstacle to be overcome for the production in India of 
all types of insulating materials and insulated conductors. 

Although manufacturing firms have at present to depend so 
largely on imported materials for their work, 
“ ‘ practically all the raw materials required for 

mechanical and dectrical engineering manufactures are indigenous 
to India, and there is no reason why these resources should not be 


developed. Mills for the production of steel, copper and brass plates, 
rods, tubes and wire, arc urgently required, and also the establish- 
ment of works for the production in bulk of mochined bolts and nuts, 
screws, gudgeon pins, washers, split pins, etc., etc. It will be seen from 
the other articles in this handbook that there arc excellent prospects 
of many of these products being inanxifaeturcd in India in the near 
future and should these iiiatoriHlise, the manufuctnru of practically 
all types of machinery and electrical appliances could he undertaken 
with a certainty of success. 

There remains the labour factor, and it is satisfactory to note 
Labour results obtained in the State work- 

sliops (which have not been mentioned in this 
note as their resources aro not usxially directly accessible to the public), 
and in up-to-dato privately-owned shops demonstrate that the Indian 
workman can produce work of a markedly high quality, when ho 
is given proper fadlities. It is true that enfpert labour is not equal 
to the demand and this will no doubt at first hamper the expansion 
of the engineering industries. But the capacity -is there, «and the 
lessons which the Indian will learn from the imported skilled attisan 
and the training and education which he will receive, if the recom- 
mendations of the Industrial Commission are carried out, should result 


in time in the provision of an ample indigenous labour force. 

To sum up, the engineering manufacturing resources of India 
are not yet sufficiently developed to compete with imported mschi- 
aety, but the possibfiitiea for development are enormous, most of 
the raw material is available, the labour can either be procured or 
train^, and the market for the products is assured. It remaias 
for private enterprise to avail itself of its opportunity. 
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Hides, Tanning, and Leather.* 

By a, 0. McWattbrs, 

OtyntrolUr (Hides). 

Tlie war lias biouglit aboat important changes in the Indian 
tanning industrj and in the export trade in hides and^ skins ; 
naturally, through the catting ofE of enemy markets, and artificially, 
through the control exercised by Government. The latter has bcfii 
directed tosrards increasing the outtom and regulating tiio produ*" 
tion of those kinds of leather which possess a special valne us war 
material. 

The most important development has undoubtedly bivn tin* 
great increase in the production of nnigh- 
East India tanned tanned cow hides, known as East India tanned 
SetioS****** ” Idps» ^fom the Madras and Bombay tanneries. 

The export to the United Kingdom of East 
India kips has been an important trade for a number of ye»n, but 
it was not until the wax had been in pogress for nearly a year 
that their value as upper leather for army boots was fully realised 
in England. Once this was realised, however, every effort' wns 
made to,.inorease and regulate the supply. From August IKIO, the 
Indian Government, at the request of the War Office, ossutiird 
complete control of the trade and has purchased in India the whole 
of the available supply, for export direct to the War OfiBce. On 
the creation of the Indian Munitions Board, the control of the 
arrangements for purchase of East India kips was taken over by 
the Board. 

At least three-fifths of the upper leather used in the United 
Kingdom in the manufacture of boots for the British and Allied 
armies is supplied from East India kips. The magnitude of the 
trade may be realised from the fact that the requirements of army 
■upper leather for the ^ear 1917 were estimated at eighty miliioQ 


* A bnllstitt on tbii lubjeot ii under pjkpamUon. 
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feet, as a minimum. East India kips give an average of 24 feet 
when dressed into “ sides ”, but less a'hen dressed into ” butts.” 
Taking an all-round figure of 18 feet, 1,500,000 kips, which was the 
average annual production suitable for upper leather in the years 
preceding the %var, would give 27,000,000 feet of upper leatluT. 
The present output is more than double this quantity. 

The actual figures of exports, given below, show the rcniarkable 
increase in this trade since the war. The figures include a suiail 
proportion of tanned buffalo hides and calf, which are also included 
in the Government purchase scheme, but by for the greater part 
consists of tanned cow'-hidcs. 

Table 1. — Ej'poils of tanned hides from India from lOH to 101S. 


Yt'ttr, 

(juantitv 

fliipiiea* 

Value. 

Pre-tev/r 

OWti. 

iU. 

1013 • 

194s7e3 

x,rs,t9MS 

1014 . . ' 

IK7J02 

1,98,11,370 

Wer 



. Iflt April 1014 to 31at March 1016 • • . 

zvtjm 

0,40,00.740 

lat April 1015 to 31afc Maroh 1010 

072,009 

tjOOMJtit 

lat AprillOlO to 31ft March 1917 

322,300. 


1ft April 1017 to 31it March 1018 « * 

861,674 



Tbe figures given above for the year 1917-18 do not adequately 
represent tbe increase in outturn during tbe year, as on tbe Slst 
March 1918 Government held in stock at Madras awaiting sbipiaeat 
12,400 bales weighing approxinmtsly 67,000 ewts. wilued 
approximately at one ctore of rupees. The increase both in quantity 
and value can be appreciated better if tbe above figures wee 
sehted by index numbers, 1918 being taken as the 'Standard and 
represented by the number 100. 
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Table 2. — Index numbers of exports of tanned hides. 





Year. 



; Quantity 
shipped. 

I 

1 

1 

» 

Value. 

1913 . 







i 

100 

[ 

200 

1914 . 








96 

1 

22,1 

1914-15 


m m 






111 

i 

2 r.B 

1915-16 

m 

• • 






130 


271 

1916-17 


f • 




• 

* 

165 

1 

m 

1917-18 

• 

■ « 




a 

* • 

} 

m 

J 

278 


The prices paid for East India kips are thus seen to have increased 
more rapidly even than the quantity. 

The action taken by Government has not been confined to 
increasing the production of tanned kips. 
Mfec^mUdea Various steps have been taken with the object 

of increasing the proportion of army Kolection 
leather and reducing the proportion of light weights and rejections, 
which, although they command a high price in the civil trade at 
Home, are unsuitable for army work, in the first place, the scale 
of prices framed by Government is much }norc favoitrable for army 
selections than for uon-ariny selections and when the prices at 
Madras were revised in May 1917, this policy was carried still further, 
with the result that much greater profits can be obtained by tanners 
who purchase the best selections of hides than by those who tan 
all-round average lots. In Madras, army selections are classed ns 
seconds, thirds and superior fourths in weights from. 6 to 18 lbs. 
and 18 to 25 lbs. Light weights below 0 lbs., inferior fourths, 
fifths and rejections comprise non-array scIcctioiiN. The i>r(>sent 
price basis f. o. b. is from lie. 1-6-9 per lb. to He. 1-3-3 for the 
ordinary run of parcels containing a fixed proportion of seconds, 
thirds and superior fourths. The price of fifths varies from Re. 0-13-6 
to Re. 0-10-9, and for rejections 9 annas per lb. is paid. At Bombay, 
an all-round tannery price for array selections . of lle.1-4-0 per lb. 
is paid, while rejections are olassed os “ superior *’ at Rc. 1-0-0 
per lb. and “ inferior ” at Re. 0-12-0 per lb. 

In the second place, steps 4iave been taken to prevent adul« 
« ...... teration and improper weighting of hides, la 

^ijrevmflonotadultei*., t^e early days of the Government scheme it 

was fotmd that adulteration of hides by the 
addition in course of tannage of magnesium salts, sugar and other 
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adnltexants was on the inciease. The leather adultexated in this 
way was liable to be completely spoilt, or at the best considerable 
expense was incurred by the adnlteranta having to be washed out 
Attempts were made to check this practice by penal- 
ising heavily all adulterated hides presented to Government and 
by refusing altogether badly adulterated hides. But adulteration 
is not in all cases easily detected without chemical ahaly^, and 
eventually, with the full approval of the commercial commu n ity 
in hladras, the practice of adulterating hides was made a penal 
offence by an order passed under the Defence of India Buies. In 
addition, however, to th’s form of adulteration, it used to be a 
prevailing practice in the case of certain tannages to add weight 
to the hide by the application after tannage of chalk and plaster 
to the flesh side. Tin’s, althoiigh not injurious to the leather in 
the wiino way as (uUiltcratinti, adds nothing to the value of the 
leatluT but is merely a form of artificial weighting. The chalk 
and plaster lias in nil cases to be washed off by the currier in Eng la nd 
before the Iiid»'s ean be used. This practice also has recently 
Iieen prohibited hy an order under the Defence of India Buies, 
pie result has been tliat scveml of the so-called distinctive tannages 
in Madras have heconic practically indistinguishable from one 
another and instead of iwcognising eight or nine separate tannages, 
it has now been possible to rlassify all Madras tannages into four 
main grades— primes, best, good and ordinary, each of the first 
three being sub-divi^d into two classes according to their growth 
and spread. There is no doubt that this simplification of classi- 
fication and the prohibition of artificial weighting of faideB will 
be much appreciated hy the home oortiers, and it is to be hoped 
that the improvements effected in this dizeotion, os a war measure, 
may not be entirely lost in times of peace, as they will nn- 
doubtedly enhance the reputation of East India kips in the home 
markets. 

In the third place, the Indian Munitions Board has called the 
attention of Local Governments and their 
oflSiceis and of the pnblie to the loss of valu- 

•mn, Cfna 

faulty fiaying of hides and by the branding of cattle. The Ptovinoial 
ControUem of Munitions have also been «^ed tp internet tbemsalves 
in the matter. A pamphlet prepared in popular language 1^ the 
Director of Industries, Bengal, on the proper method of &ying and 
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coxing hides has been 'mdel 7 ciiculated through all provinces and ia 
being translated into different vemaonlats. Though not much general 
progress can at present be reported, the improvement effected at the 
]^ndra'slaughter-house in Bombay, where control is exercised directly 
through the Deputy Controller for IBdes, Bombay, is an example of 
what can be done by proper' management. By obtaining more time 
for the butchers to do their work properly and by paying a small 
premium for all well-flayed hides, the proportion of hides from this 
slaughter-house rendered unsuitable fox army work by faulty fla 3 nng 
has been reduced from about 60 per cent, to less than 5 per cent. 
Cood results are also reported from Bangoon where a similar qrstem 
has been introduced. 


The result of these various measures has already been to increase 
the proportion of tanned kips suitable for army work, which is 
now about 65 to 70 per cent, of the whole. Further improvement 
can, however, still be made. In the tannery directly worked by 
Government at Bombay, for instance, during the first year’s working 
the proportion of army selection hides produced has exceeded 00 
per cent. This result was obtained not merely by the careful 
purchase of suitable hides, but by the constant supervision exer- 
cised at every stage of the processes of liming and tanning. 

The tanning of East India kips has practically been confined 


Tanning baik. 


to the areas in which the bark of Catzia 
aurieulala, known in Madras as avaram and in 


Bombay as tarmd is obtainable. These areas comprise the Madras 
and Bombay Presidencies, and the Mysore and Hyderabad j^tates. 
Outside these areas, the cost of railway freight makes tanning with 
tarwad commercially unprofitable. There is, moreover, not more 


than a sufficient supply of, the bark for the tanneries in the areas 
named and prices for bark have risen far above pre-war levels, 
though they are now controlled by Government action. The future 
of the tia^ in Eait India kips undoubtedly depends on the con- 
tinuance of sufficient supplies of tarmd bark at cheap prices. The 
cost of tanning has more than doubled since the war, mainly because 
of the increased cost of bark and other tanning materials, but, 
when peace conditions are re-established, East India tanned kips 
will depend for their market in the United Kingdom on their cheap- 
ness as compared with other leathers with which they will have 
to cimpete. For this reason the Munitions Board has urged Local 
Govenunente to take measures at once to increase and systematise 
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tli6 cultiv&tion of tarwed in all suitable areas, and this ^estion is 
being actively taken up by Local Governments both in forest areas 
and other lands. 

In the second place, attention eras devoted by the Munitions 
Board to the discovery and proof on a 

Ta^n Cnrai^lSt- substitutes for tarwad. 

toty. The great merits of tartead bark are that it is 

very easy to use and quick in its action; it 
adds weight and plumpness to the hides and produces a leather 
which is capable, after further treatment by the currier, of being 
turned to a variety of uses. No other tanning material has yet 
bfM‘n discovered which has all these qualities, but promising results 
have already been obtained from a vurietj' of mixtures of 
Nortihorn and Cknitral iudiui^ tan*stnffs, which hold out prospects 
of a great extension of tanning in Northern and Central India. 
The. Munitions Board acquired the factory belonj^ng to the 
Ksoeiet (‘oinpany of Maihar in Central India, where experiments 
with thesn new tan-stuffs have been conducted for some years, 
as a Government Tannin Besearch Factory, and puiohased the 
Allahabad Tannery with a view to proving these new tanrstafb 
on a conimere.ial scale. A note by the Director of the Govern- 
ment Tannin Jlcseatch Factory, which shows the woric done and in 
progress at the Factory, will be found elsewhere (see page 171). 

The tanning of sheep and goat skins with iarmd bark is also a 

TSmifldiUni industry in the same areas where East 

India kips are tanned. During the first two- 
and a half years of the war, the tanners of skinB were excep- 
tionally prosperous and prices of tanned skins in Sn^nd, the 
United States of America and Japan ruled high. lu 1916-17, prices- 
rose to a phenomenal level, as will be seen from the following 
figures 


Tablb Z,-— Exports of tanned skins from India from 191i to 1917. 


lit April IBM to Slit Menb IBIS . 
lit April IBIS to Slit Henh IBIS 
lit A^l IBIS to Slit UAKh IB17 . 
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These figures may be represented by index numbers with 1914- 
15 as a basis : — 


Table 4. — Index numbesrs of exporie of fanned skins. 


Year. 

' Quantity. 

Value. 



1 100 

m 

J9I6.16 

109 

m 

1016-17 

139 

1 m 


Tanned skins have not an extensive use for war purposes and 
it was found that the hi^ 'prices obtainable were leading to tho 
tanning of skins at the expense of East India kips, and the coni]H'ti- 
* tion lor tanning bark between skin and hide tanners was result iiig 
in unsatisfactory supplies and extravagant prices for bark. The 
supply of East India kips for the War Office was seriously eiidait- 
gered, and Government was compelled to take^the step of prohibit- 
ing any further tannage of sheep and goat skins in tho Madras and 
Bombay iPresidencies from the 28th April 1917, and of prohibiting 
all export of tanned skins from India after the 15th May 1917. 
Permission was subsequently given to export the balance of at<x'ka 
of tanned skins held on 31st August 1918. Lt 1917-18, only 37,318 
owts. of tanned skins were exported, but these were valued at iho 
very high figure of Rs. 1,47,40,068. 

Every effort was made to induce the tanners of skins to turn 
their attention to tanning hides and many of them asM.vti<d 
-Government by so doing. The shipping firms in Madras also 
loyally co-operated in endeavouring to carry out Governinoni'a 
policy in the matter, which was recognized to be necessary as an 
emergency measure under present war conditions. It is expected 
that the tanned skins trade, which has suffered a temporary set- 
•baok owing to shortage of tan-stuff, will recover rapidly on the 
conoluEdon of peace. 

In addition to the export trade in East India kips, Indian tan- 
neries have produced during the war greatly 
sB^SsSiybSS*’ in«Mwed quantities of leather accoulrcmentB 
of all sorts and boots for the army in India 
and the Indian Expeditionary Forces. These supplies also were 
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controlled hy tlie Munitions Board- The stimulus which these 
large Government oiders have given to the tanning industry may be 
measured by the fact that two million pairs of boots are now being 
nianufactured in a year, or more than 20 times the pre-war figure^ 
In addition, orders have been placed for liearly a million followers’^ 
shoes during the current year, thus bringing work to a large number 
of shoemakem. The monthly output of the Government Harness^ 
Factory at CJawnpore has increased from- 33,000 lbs- of leather in 
11*13-14 to nearly 200,000 lbs. during the first three months of 
11*18-19. During 1916-17, the latest period for which detailed 
accounts are forthcoming, the total value of the outiurii of the 
Factory was Rs. 521 lakhs. The Superintendent of thf? Factory 
also controls fiev' 4 ‘ral large tanneries at Lawn|M)re. which- as a result 
of tile instmctioii given, are turning out leather of firht-cluss i|ualit\. 
!^fcrg(‘ orders for saddlery and equipment have also been plac<Hl 
with outside firms which, it is expected, will^ in^ a great 

improvement in the standard of leather making in India. There- 
huH all important dpvj'lopmont also'oi tanning in Calcutta. 
Till! Munitiona Board lias in addition arranged to aupply some 
;W,(KJ<> Ktwt India kipfl luoiithly for Oswnpore factories engaged 
ill boot manufacluR* and 6,000 niouthly for the Govewimeut Harnesa 
and iSaddiery Kai-tory from the tanneries in Bombay. 

The war bos not pmvidvd any great opportumty for developing 
olirouie tanning, since not only is the niacbiiiery difficult to obtun 
in war time, but tlie demand for war purposes at Home has been 
entirely for Kust India kips, and chrome leather from India has 
not hitherto been accepted by the War Office. It is probable, howevw. 
that after the war there will be greatly increased opport^ries for 
this class of.tamung, especially in the production of g]ao4 lad from 
Indian goat skins. It may bo added here that Government hw 
secured from England the services of an export tanner to assist 
them In the development of the tanning industry. 

The Munitions Board has endeavoured further to stimulate the 
manufacture in India of certain classes of 
Roliw lUw, pUksr iputher goods previously imported from abroad. 

Early in June 1917, the Board called the atten- 
tion of firms in India to the possible market for locally manufac 
tured toller skins, picker bauds. leather belti^ 

Applications from firms desirous of impotti^ these a^des were 
bSng received in large numbeie. The Board aocordm^y informed 



168 


Itidian Mmitions Board Handbook. 


Indian firms that, if they could satisfy it by production of suitable 
samples that these articles could be satisfactorily made in India, 
priority applications for import from abroad would be refused 
and applicants would be referred to the firms in India who bad 
shown themselves to be capable of producing the articles. 

Encouraging results have already been obtained in the cose of 
roller skins and picket bands, in the manufacture of which at 
least eight firms in India are now engaged. In the supply oC 
roller skins to Indian cotton mills local manufacturers have made 
great progress, and the estimated outturn is about 1,200 dosen 
skins per week. This is actually in excess of the demands of the 
mills, many of which continue to use imported skins, and a number 
of roller skins have been exported from India to foreign countries, 
especially Japan. The chief advances have been in the production 
of chrome leather belting, which has been largely purchased for 
Government purposes, and the making of jute pickers which nn‘ 
used by a number of mills. Neither of these articles is yet 
satisfactory as its imported rival, but a good standard has already 
been reached and as the manufacturers have still some time to 
profit by their previous experience before they will he exposed 
to free competition, there is ground for confidence that the inaiiu* 
facturo of these articles will be successfully established in India. 

Another Une in which successful experiments have been madu is 
the supply of sheep skins for polishing rice in Burma. 

Before concluding the subject of hides and tanning, a short 
reference may be made to the export trade in 
raw hides. Indian raw hides in the year im- 
mediately preceding the war wont mainly to Germany and Austria, 
but with the closing of these markets the trade lias found opeitings 
in Italy, the United States of America and lattcily in England, 
where endeavours are being made to extend the capacity of English 
tanneries, so as to deal with larger supplies of Indian taw hides, 
^nce June 1DI7, the control of exports of raw hides for English 
tanners working on. War Office ox^rs and for the Italian Govern- 
ment has been in the hands of the Munitions Board. The difikuHy 
of securing freight and finance for other than Government pur- 
chases and still more the great increase of tanning in India of 
hides — both cow and bufbJo>~for war requirements, Live led to a 
considerable reduction in raw bide exports. The quantity of raw 
hides exported in the year 1917-18 was only slightly mote than 
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the quantity uf tanned hides shipped from India, and was consi- 
derably less in value. 

The ffilld^^iu^' figures shovr the volume, direction and value of 
exports of raw hides : — 


Tatilb S.'—Ea^porla of raw hides from India from IfilS-lfflS, 


— 


Value 

(Ita) 

Arexage 

price 

porcvirt. 

Pfi*V!ar wrtw— 

1013 

1.13£,;(48 

1,U0A4M0 

Ks. 

70'6 

(Njnimny 

Austi'in «... a 

rnitftl ^’latt'h of Auictira , 

Hilly ■ « » « ■ 

Viiilt d • • • 

.10S,737 

U7.1V*7 

iU7,4<t4 

Tfijem 

1JU,7TJS6 

hOMnavo 

^ui7,m 

roAH,m 


1014 

807»?85 

7A7A0.m 

70-9 

H(»rMmiiv . « • a 

Vnitifd Htttttii of America • « 

Austria 

Italy e . « • • 

Vtiiteci Kingdeni . • » 

War yeure— 

1914-10 

282,310 

176,045 

160,724 

82,020 

68,208 

2A3M,9i& 
2,20,50,200 
ha,03,m 
a $9.^ano 
4rM,m 


713, 020 

5,25,20,705 

73'.'! 

X'nitecl of Atiu^rica , • 

CU’rmany • • • » 

VitiCed Kingdom • « , 

Italy • • « « • • 

Austria 

180,173 

140,575 

132,322 

72,100 

00,143 

2,2«.0‘l,525 

hzun.m 

HSAUm 

57,6.1,2.?5 

49,74^90 


1915.16 

881,885 

e,7M1,843 

76-0 

Italy • • - , • - ^ 

rniteci Hint I'M cd Aiiteriiwi • • 

Unitinl Kittgilom • . • 

^388, 

»l 3.0115 
00,300 

J,2iM5,700^ 
2,25,r^0,225 
05,/et,525 1 


1016-17 

804,038 { 



United Utatca of America , • 

Italy 1 « • * a 

UnitiNl Kingdom 

ioiTiOT” 

173,831 

145,140 

SM,7S.TfO 

1 

7,28.30,835 > 

1017-18 

417,003 

5,09,56,570 

78*6 

United Kliigdoitt . * * 
twted States of Aas^oa • • 

175347 

1553S1 

78.1M 

2,0545,200 

3,14MM0 

6547455 
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The export of raw skins, principally to the United States oi 
^ America, is also a lar^e trade, and showed 

a marked increase in quantity and a still 
more marked increase in value in 1916-17. This increase was- 
not fully maintained in 1917-18, mainly on account of difficulty 
in finding freight to America and on account of market conditions 
there being less favourable than in the preceding year. 

The following are the export figures : — 


Table 6. — Exports of raw sTcins from India from WIS-^WIS- 


Year. 

Quantity 
(in cwis.) 

Vttluo 

(Rs.) 

Average value 
per ewfc. 

Fre-war years — 

1913 , . . . 


i 

503,080 

SAOMAtO 

Ks. 

67 

1914 . . . . 



442,649 

s,ss,oi,5.:o 

65 

War years — 

1914-15 



408,448 


62 

1015-16 



432,667 

2,0fK27,770 

60 

1010-17 



507,040 


122 

1017-18 



420,028 

4,74,SS,7:J0 

lU 
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Note on the progress of Researches to apply the Natural 
Tanstuffs of Northern India to the production 
of War Leathers. 

By \V. A. FfiAYMuvTii, P.C.S., 

Direelor, Esocirt Tannin Rcminli Faetori/, Maihar, Central India. 

SiiK'tt tlir work wii'i tjik«>n ovrr by 

thf! Iiiduiti iMiiiiitious fbmrd, uiirti llio Thiiiiui Kxprrt to ((iivom' 
iiirnl was |)OKti>il to roIlatHoiili* willi tin* Jlirrrtor vt th« Rewarcb 
Fiirlory, in Mari-ti iU17, n IniYtr imtiibor of unknown, or little known, 
tniiHluiTH, l■oltllttoll in tlio junf{Ic» of Northora Indie, have been 
t*xttniin<'((, both alone and in (‘umbinetion, in the laboratory and 
by practical tunninf! tcata, and finally the beat rcauita have been 
applied in a antull tannery (tHt hidca per Hay}, wlu're working 
roHta and iiiinncial n‘auitH iiuvn been atndicd. Thit rcauita obtained 
up to March lOlH have lately be«>ii pnblialitHi in the Dirccitor'a Firat 
Annual Report and the Bulletin No. I ; “ Indian Tanatiiifa and Their 
Tannage " by A. Kraymoutb. F.C.S., end J. A. Pilgrim. L.T.C., 
copicH of which are obtaiiiabio front tlio Secretary, Indian Munitions 
Board. 

It will la* of intervHt to relate the progressive experiments which 
have led to the reaulta ao far obtained. >■ 

The exceptional tanatuff Utrmd had long been used in the 
- . aouth of India, Madraa and Bombay, to turn 

*”** ' an Indian kip (i.e., a amaii cow hide) and both 

goat and aheep akina, into a aiaceial fonn of leather, lightly-tanned, 
with an elaatie grain, of a |iaie colour and with groat tensile 
strength. Thoan leathers were produced in aniail hand-tanneries 
in Madraa and Bontbay, to be exported to the tanneries in Europe 
and America, where they were finished, aometimes by loading with 
more tannin and oils, sometimes by simply fllUng the leather with 
oils and fats, and mostly by splitting to an even thickness, ve- 
kannittg and finishing with dyes, glazes, etc. This so-called " half* 
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tan,” 01 moie pioperly tarwad leather, after treatment by the 
currier, produces - a very suitable leather for the uppers of army 
boots, and has been extensively so used during the war. 

The supplies of tarwad bark were always insufficient to keep 
up the quantity of this leather required for war purposes. It 
is, however, not to be disguised that wherever and wheneva this 
tanstuff, tarwad bark, can be delivered into tannery at under 
Rs. 2 per maund, it will always afford an almost perfect agent to 
re-produce half-tan leather. But there are many places in India 
where those conditions can never exist. 

The first direction of the experiments undertaken at the Research 

mA Factory was to find other tanstuffs to eke out 

* the avai'able supplies of tarmd by dilution. 

It was established at an darly stage l^t dham Sumac {Anogevsatta 
laUfoKa), a powdered leaf-tanstuff, carrying SO per cent, tannin, 
with a ffistinctive bleaching property, can be used in mixture with 
■tarwad up to one-th'rd of the whole with success, and further that 
if the partly exhausted tarwad bark as thrown away from the 
tanneries of the south (containing 8 per cent, tannin), be crushed 
and mixed with dhawa Sumac in equal proportions, a leather like 
tarwad leather can be produced. Dham bark also was used as 
well as other diluents, gothar, aonla, etc. When Mr. Pilgrim visited 
Madras in September 1917, he described the collection of dhawa 
Sumac and its use in mixtuxe with tamad bark aitd further 
research on these lines has been carried out at the Madras Leather 
School. These experiments gave promising results, but laige>3cale 
trials which have been made by a number of Madras tanners have 
so far poved somewhat disappointing, as the leather has been found 
to lose both in colour and weight. 

Endeavour was then made to find a tanstuff or a combination of 
tanstuffs that would produce exactly the same kind of leather oh 
tarwad leather. The Research Factory has always been guided by 
certain principles. These ace: — 

(a) to take those tanstuffs, which can be got annually without 
the destruction of ^e tree, uidess the bark happens to 
be a waste product from timber getting and to look 
for those tanstuffs which come from widely-distributed 
species; 

(h) to devdop those tanstuffs which concentrate eauly by 
jungle methods'^ to a product that will pack dlosely, 
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cvtntaiiiing the iiiaxiiuum .imrmnt of tannin, and «o fo 
offer to the tanner a “ cheap unit nf t,iniiiii'’ ; 

(») by tanning Ichts’ to prove that the taiistnff^ will jtrodace 
good and cheap leather alone or %vith other tun'tuffs, and 
finally to jirove the results on the practical hand-tannery 
scale. 

The first combination that jdcldcd leathers which met with the 
approval the War Office ropreaentative was it tjnartcr each of 
the dUrtun Bumac, dAam twig bark, rmtlit twig bark, and 
mulntmin. Thin mixture and nualificutious thereof have been in 
use at the Ciovcnimcnt Tannery, AllahalNid, the loatbers from 
which are now being used by the CJovernmcnt Harne-is aiul Siiddlery 
Factory, where they are curried and user! for erjiiipinetil. 

There were many faults in this early mixture, whieh were gradu- 
ally eliminated by further e.vperiiiients at .Maihar, until in illareh 
1918, the. mixture No. 137 («) 

• ■ |.«'r cnii. 

.4enfa tvig fmtlt (/‘A^/a»fMui tmUfcti) . • > . . AO 

Kurwtda tjuiBM (Carima t^iaoram) 90 

iViMKH giiniae (.f MeffTMAii* JWayaf£f>) gO 

produced fine leathers, similar in colour and slrengtlt to Inrmt), 
Imt withwit. the. ojmu ]K>ruus si'ction that, tnt'tmd leather shows. 
The time taken to tun with this mixture was longer than with 
tnncttd. A small hand-tuiinery at Kanipti, (Viitnil Froviiiees, with 
only an intelligent chmmf and an upprenlice from Mailiitr, haa 
succeeded in producing excellent leathers by the use of this combina- 
tion of tanatuffs. 

Vfttrk w’lut then tbrected to find a tanstnff to reproduce 
a special propirrfy of UtrmA liark, namely, its power to remove 
linio and to causa “ plumping '* of the hide, which may be described 
Its “ self-bating.'* EvenUiaily, by the use of gothar fruit {SSift^m 
a,y/op 2 /rtni), crushed and mixed lut a mucilage and applied in a system 
of pits, wlierc the hides are suspended during 8 days, a successful 
ivHult was obtained and a saving of three weeks eifcctetl in the time 
of Hubseifuent tanning in mixture No. 137 (a). 

This treatment, vis., suspension in gplAw muciiage luid tanning to 
a finish in {utek with amh-ktmtudet-dfmita, offora to many tanneiiea 
in Northern India a cheap means of producing excellent crust 
leather. The itmead leather tanner, who has known nothing but 
taneni, may not be so successful with this owing to the difference 

m2 
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ia his methods, bat the substitute (miztuie No. 137 (a), is so near 
to tartpad in its efiects, that if only one-fifth of tarviad is used 
with fonx-fifths of the above tansta&, the tamad tannei can pro- 
duce ezoeUent leather by his own methods. In aU, some fifteen 
xail-wagon loads of this mixture have been so used by taruvd 
tanneries. 

The Maihar tannery turned out some 2,000 hides during the 
early part of 1918, all tanned as described ; meanwhile, experiments 
were continued with the object of imitating tanead even more 
closely. In jamraai twig ' bark {Eleaodendron ghmcum) .was found 
a bark that contains a tamiin which dissolves to a tHn pale liquor 
and which has great penetrative power. like the liquor of tarviad, 
jamrari liquor penetrates the hide in a diffused manner producing 
an open porous section. Jatnraai, however, is relatively low in 
tannin, and so in order to increase the strength of the tanstuff 
applied to the hide, experiment was made with mixture No. 172 — 

per coat. 


Jamrasi ,65 

Kahiia , 25 

Kanmda 20 


always with a preliminary treatment in goihar mucilage. A large 
number of hides have now undei^one this treatment at Maihar 
with uniformly good results. The time of tanning is under one 
month for an average kip. The leather is almost ezaotty like 
tamad leather in every way, with an elastic grain and open and 
porous in section. The results obtained with jamraoi at Maihar 
are, however, still unconfirmed by the parallel experimcnts in progress 
at the Government tannery at Bombay, and a final judgment on 
this tanstuff cannot yet be pronounced. 

Farther, a large number of these leathers have been re-tanned 
with kahm bark (Termnalia Arjuna) and curried, to produce 
excellent leather. This kahva bark is probably the most valuable 
idn^e tanstuff whiohr has been tested on a large scale so far at 
Maihar. The writer has ‘devised a special cutter with which the 
bark of the tree is being taken at two-yearly intervals without the 
destruction of the tree. The Esociet Company has collected and sold 
in all 116,000 maunds of this bark, which is now in use in seven 
tanneries. The taxmin of this bark reaches the tanner at just one 
half the cost of the tannin in other tanstuffs previously used. 
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It baa been found that the tannin of this baxk can be applied to 
produce {a) light porous holf-tan leather, (6) the heaviest folly- 
loaded leather, (c) to re-tan lightly half-tan leathers. Its action 
is extremely similar to the descriptions of the action of European 
oak bark, and the chemical reactions axe similar in both cases. 
Kahua should, it is expected, afford a fine extract of tannin, especi- 
ally in admixture with dkaum Sumac, with the ^ latter’s wondetfol 
bleaching effect. 

A long series of experiments to find “ the seat of tannin ” in 
many common species of the scrub jungles has resulted in the 
discovery that in many cases the largest amount of tannin, and that 
of a pale colour, is to be found in the bark of the top of the branches, 
thus allowing of the pollarding of the species that will stand such 
treatment. This may be named “ twig-bark,” and the best of these 
are aotila twig bark with 24 per cent, tannin, and jamrasi twig 
bark with 12 per cent, and its exceptional non-tan. It is not 
always the case that the richest and best baxk is that from the 
branches. On the contrary, iahua bark is best taken from the 
bole of the tree, also labid bark, and the barks of many oaks are 
richer when they are taken firom low down in big trees. In many 
cases, the richest tannin is to be found in the leaves. 

Attempts are now being made to overcome certain physical 
diiBculties in the collection of tlmeai bark (Woodforiia fioributida), 
which is richest (27 per cent.) at the base of the tree. This tanstuff 
promises well, but the praoticability of the present methods of 
collection is still uncertain. It cannot be too clearly repeated that 
it takes much time and involves much expenditure to find the proper 
practical method of extracting a tanstuff from the jungle. Spe^l 
methods of application have been worked out for seveml tonrinffs, 
which have been particularly successful with gothar. Tull details 
of these and other work wiU be found by reference to SuUetin 
No. 1, 1918. 

The ’Research Tactoxy has devoted much attention to the pro- 
blem of profitable treatment in India of the 
TsmdfiR of “dosd ” low-grade, badly-cured ” dead ” hides, which 
*""**• were, prior to the war, exported in large 

(juantities to Germany, Austria and Italy, where in sfAte of the 
wretohed raw material, foirly good leathmis were produced and 
large profits earned. During the last four years, great efMrts have 
been made to induce the ehman'i of the States wldoh are interested 
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in the Esociet Company, to flay and care properly the hides of 
cattle that have died a natural death, and these efforts are beginning 
to shew result. Out of 2,000 hides per month, not more than 0 or 
6 used to appear as unspoilt hides. There are now 300 hides each 
month, which the Esociet Company receives, which would be class!* 
fled as second-class slaughtered ” hides in Calcutta. In addition 
to the six States where this good work is going on, five other Durbars 
have sent ckmars to Maihar to learn how to deal with hides in a 
proper manner. The full results from these efforts cannot, howe^'or, 
be erpected for many years to come. The principles applied are to 
prohibit export and then to offer very high prices for good hides 
and very low prices for spoilt hides. 

In addition to the experiments conducted in the manufacture of 
* crust ’ leather, the Besearch factory is engaged in training, local 
men to shave, re-tan and dye and finish the better parts of the “ dead ” 
hide to finished leather. It is hoped to go farther and pnxluce 
semi-chrome finished leathers. As no skilled workmen have bi'cn 
imported, progress is slow in this direction. Besides this work, the 
Besearch factory is about to experiment with a new tannin 
tion process, which, having been proved successful on the 5-cwt. 
scale, is about to be tried in a new plant on the 2-ton scale, which 
will be large enough to allow of the study of the financial asixK't of 
the process. A more intensive and highly technical method of 
vegetable tanning is also being studied, for, though the simple and 
cheap treatment of Indian hides to ‘crust’ leather will always be of 
importance, it is certain that India will adopt more and lunrc the 
intensive scientific methods of tanning in vogue in other countries, if 
she is to compete successfully in the world’s markets. 

The Indian Munitions Board extends an invitation to ail those 
interested in tanning and tanstuffs and tannin extracts to visit the 
Besearch factory at Maihar, where they will be shown the tanstuffs 
in use and the leathers in process of manufacture. The Dtieeior, 
l^odet Tannin Besearch factory, Maihar, East Indian Bailway^ 
will be glad to answer any enquiries on the above subjects. 
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The Future of Tannin Extract in India. 

By J. a. PiLORiu, L.T.C., 

Tannin Expert to Hie Government of India. 

The writer wah brought out to India primarily for tiio purpr»se 
of preparing itolid fnnnin extracts, more particularly from the 
tnangroveH of Burma. Hia divcraiou to Muihar hat-, however, rcRulted 
ill hi» becoming clo.soly acr|uaintcd with u large number of Indian 
tuiihtuflfs, and a study of tliONc nndertakeu in eolluboration witii 
Air. Frayinouth under all sorts of aspects and conditions indicates 
that there are. ijuite a mnnber of very useful tanstuffs in India, which 
would uevcrtbclesH be iiighly unsuitable for extract manufacture. 
On the other hand, there are cases where an extract might i>ro- 
fitably be made from a natural material not suitable for a direct 
application to the hide. 

One of the principal reasons for a tanstnfl being unsuitable 
for extract manufacture is tliat, so often, in spite of its greater 
bulk, it' pays better and e.ostK less to use it as a raw material. Aa 
an instance of this, though it does not refer to a tanstuff whieh 
hud been grown in India, Messrs. Cooper Allen & Co., Ltd., of 
I'uwnpure, found that it cost them less per unit of tannin to import 
wattle bark from ijouth Africa than to purchase extract tuvdc 
where this particular bark was grown. 

ft is well known that in Buro}H‘, liquor tanning finds the greatest 
favour ; hut in India by far the largest mmiber of hides at present 
tanned are. converted into leather in direct contact with the tanstuff, 
and tills especially applies to the eiust leathers tanned for the British 
War (liliee, most of whieh have hitherto been tanned with Cuma 
avritufahi, the ‘firwow’ or * larmd' of Madras and Bombay. 
Theie are not wanting, those who believo that an extract-liquor 
pre|iiired by teaching taiwad and concentiating the liquor with the 
oid of heat and vat mini would not give anything like as good 
u lesiilt as yielded by the twig bark itself ; and this opinion might 
extend to many other Indian taustuffs, India is blea^ with an 
abundance of them of almost every type, atid most disttiots of 
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India liave their local tanataSa available, capable of yielding good 
xeaulta. It would be premature, however, to guarantee the reaulta 
of theae tanstuSa, if employed in the form of a aolidified extract. 
By this I do not wish, without proof, to assert definitely that auch an 
extract would not be usefoL Such work is about to be tried in 
conjunction with Mr. Fraymouth’s new agitator extraction plant, 
connected to the Government tannin solidification plant, and must 
greatly enrich our knowledge as to the suitability or otherwise of 
various extracts. Our plan will be to work through a list of the 
most promising tanstufCs on as nearly as posmble a commerdal 
scale, so as to obtain the most valuable data posable. 

In the meantime, I can only lay down the following general 
principles : — 

(1) If a raw tanning material is very ric^ in tannin, say, 50 per 

cent, or thereabouts, it will probably not pay to oonvext' 
it into solid extract. 

(2) The leaching and concentration of liquors almost invariably 

results in a certain amount of oxidation of the tanstufi 
in ^ite of the use of vacuum in concentrating. Thus 
a 50 per cent, tanstnff containing 25 per cent, rum.- 
tannins should, when concentrated down to a solid 
extract containing 19 per cent, of moisture, analyse at 
54 per cent, of tannin, and 27 per cent, soluble non- 
tannins. But it is quite possible that the extra 4 per 
cent, tannin gained in the extraction would be lost 
owing to oxidation into “insolubles” and other causes. 
The principal gain would be that instead of having a 
large proportion of vegetable m'atter as insolubles, the 
third constituent could only be water — ^with perhaps a 
small quantity of srispcnded insolubles in the cold solu- 
tion. But the increased concentration would be such 
as to affect railway or steamer freight very little. 
Some 60 per cent. tanstuSs such as myrabolams or 
dimi divi, both of them crushed without see^, will pock 
very dosdy, into small compass and I could not recom- 
mend the manufacture' of extracts in such cases, except 
when the presence of insoluble particles was objectionable, 
as, e.g., in the applicartion of the tannins to textile fibres. 

<3) On the other hand, presuming a tanstufi to 'contain, say, 
20 per cent, tannin to 4 per cent, non-tannins, such an 
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I'Strart should, theoretically, j'ield tanain 66‘7 per cent, 
ami non-tannins IS’U per cent., with 20 per cent, mois- 
ture : or 70-8 jier cent, tannin and H”2 per rent, non- 
tannins with ir> per cent, inoistine. The probability 
is that the actual pererntage of tannin in the nolid extract 
Nvouhl he bctuTcn 60 and 65 per cent, and this amount 
from a 20 per rent, tuiistiiif would indicate that the. 
manufacture of extract from the rawr material should be 
vety seriously considered, and studied with a view to 
uMfcrtaining the sort of leather yielded botli by the raw 
jnaferial and extract respectively. C<«‘nernli.<iing from the 
above (nn analysis of /Inprn pnrriflorn bark actually 
had sueli iiynri'.s of .nudysis, an<l yielded a sftlid extract 
with 60-.5 per cent, tannin in a sniall preliminary solidilt- 
cation test rundurted .'<oinc time ago without the udvan- 
tng«‘s of the new jdnnt), I would say thnt only when 
the ratio, w than unity (1), the question 

of the iKHMibility of extract manufocttiro begins to come 
into cnutemplution, and the higher the proportion of 
tannin the more i.s this the fttsc, which brings me to my 
fourth jtrinciple. 

There are certain tanistun's w<M)ds, etc., containing a very 
'^niali ]«roportion of tannin and a still much smaller 
protsirti«>n <d non-tniinin, e.//., oak wood, the worn! of 
X'fh'tt iMHhrifnm in, e.te. With a content of about 6 
pi‘r cent, tamiin, this latter material could not Imi rcganled 
a-( a dirtu't. t unstuff, but, given adequate leaching facilities, 
thi'ic i't no reason W'hy it, with a low percentage of non- 
tannin, shtiutd nn come in, from an extract point of 
view*. On the other hand, thcie are tHiistuffs such as 
kantnlfi leaves w.th, say, 10 to 13 per cuiiit. tannin, and 
25 to 25 per cent, soluble non-tannins. A 10 per cent. 
tanstnlT having n iiceuliarly valuable, action on leather 
ow‘ing to its non-tannins etmhl cbme into consideration 
for direct upiiticution in the tannery. Hut th* theo- 
rcttcal strength of an extract made from this, 'con- 
centrated to 20 ]M>r cent, moisture, would only be approjd- 
uiately 25 ]M*r cent, tannin, and 57 per cent, soluble 
nun-tannins : nud, in my experience, no commercial Arm 
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cares to look at a solid extract with less than 50 per cent, 
tannin, unless in quite exceptional cases. 

(5) Such an exceptional case where an extract with less than 
50 per cent, taxmin might iind favour, 's where this is 
manufactured from cheap low-grade material at a mini- 
mum cost, the manufacture resulting in the leaving 
be hin d of objectionable characteristics of this cheap raw 
material. An instance of this sort has been the successful 
manufacture here, on an experimental scale, of a good- 
coloured solid myrabolam extract containing upwards of 
38 per cent, tannin from a practically valueless refuse 
of myrabolam ‘kemals,’ dust obtained in crushing, and 
spoiled ‘nuts,’ one-third of each. 

A tannin extract low in tannins might also come into demand, 
on account of valuable properties as regards the action of its non- 
tannins on the pelt. Then there is the case oF the various oak 
extracts on the market, which, though not particularly high in tannin, 
have nevertheless a very special weight giving property — probably 
due in part to the non-tannins, though the main factor here would 
appear to be the power of the tannins to deposit bloom " within 
the pelt. In several of the Himalayan oaks, the tannin is but 
little in excess of the non-tannins, but the well-known properties- 
of European oak bark — on the average less rich in tannin than 
the Indian barks 1 have tested — would fully justify experiments in 
extraction of these barks. The same applies in even a greater 
degree to the various oak woods, extracts of which are so largely 
used in Europe at the present time. 

Speaking quite generally, extracts arc costly to manufacture 
and do not give as good a coloiur as raw tanstuifs, hot leaching, 
as a rule, giving worse colours than cold. I expect thalv our expert 
menis will show us that such colours as are developed during con- 
centration may be modified by the judicious admixture of other 
materials in the leach,— a ooutso to be greatly preferred to chemical 
treatment. But where long-distance carriage is involved, and the 
extract represents a proportionately great concentration of' tannin 
as compared with that in the taw material, my present opinion is 
that there — and perhaps there alone — ^naiuial extracts w'ill hohl their 
own in the generality of Indian tanneries, though there may, of 
contse, be special cases, as e.g., in the rapid drumming (loading) of 
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hidc^!>, where the extracts may be turned to good account in a tannery 
otherwise depending on raw tanstuffs. 

From purely theoretical deductions based on the analysis figures 
quoted below, the following tanstuffs would seem to recommend 
themselves for experiment in extract manufacture:— 

likely to be suitable for extract manufacture. 



Theoietxost 
nuudmim 
possible 
percentage 
ottamiH 
in cstraet 
with 15 
per cent* 
moisture. 


MificrllftHtoHfi > 

{MidalMir truiiwMMi) , 

TfftHitiftiiti nt tfr incur im. nmtun* bark , 

t>kuvsi {Auc^iH'iUKiuiiJtdiu\\!^v\myvi , , 

Knkm (MS |ior (15 |if*r eenf.) 

mixture. 

Kitkun {TmniufUin nrjum)t bitrk . , - 

Umuvjc kmltiUiH (ImUlui CttnuijKniJ, rutit burk f 
HhuH mifmm h m (a Suinae Hbnib), Imrk « « 

VlaiUvu ' 

Acuriu ti*rut’t't ihU bnrk . . • • • 

Acnrin thuthuUt^ bnrk . • . • • 

* AtnHrjrrtcc 'i ■ 

(Virtiyw (jfutrttta 

iftjrhHrffhitiHH • . « • • 

Ocrwffft ctnttMhnttn • • . • * 

iir&tjmu r.ttrifOithiflfoidfH . « • « 

ItfrrHfrufuiiicA{Hiiindn) • » . * 

Certain tmks ami chostnuta of the HImalayai 
fiartieulnrly rceommend themselves* for 

inMtam’e 

t rMu 

ttui:rrHHft'ursirtifrt,nm{\\fti\mk • . « 

itiftiiM, iitfitiin^ iwrk . . • • 

Qttrrettn iumntt, wood • • • • • 


ovet are, as a rule* very variable as to tboir tannin 
rontent, ami 1 Hhmild take the last three in the above list, as being dSstinotly Wow 
the average for ilte resjieotire speoies* A good fresh average sample «mght» there- 



, amait Hample of branen bark of Querciu «nniea«pf/oUd gave, on analyris* Ihe 
DKliiMi'y illgurM of 23<«5 per cent, tundn. end £<68 pw cent n«.ti^» ®Uo 
wouU i^Mte » poMlble nnzlinun tumln-contMt in n ^ eztr^ oi W pm 
cent, liut tble eseeUent p^ble ilgun w not bane ont bp ouifar^ ct * lumt 
bulk of ^ bork noelTea Inter, snd I tfaMefow knee not Imladed fl» figune in- 
Uwteblo. 
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The actual percentage of tannin in an extract always falls short 
of the theoretical maximum. This is due to changes which take 
place during extraction and concentration, and the extent to which 
these changes occur is obviously one of the factors determining 
whether a raw tanstufi should be converted into extract or not* 
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The Supply of Timber and Bamboos. 

By B. M. Wiiaiamsok, I.F.S.. 

CoMtrdUf (Timber Supplies), Indian Munitions Board. 

The atipply of timber and bambooB, but not of railway aleepeim or 
firewood, to meet militar)' rcqiiirenioiits daring* the war in India 
itHclf and the various theatres of oiwratious in the Bust aud in 
Macedonia, has been the duty of the Tiudtcr Supply Bruueh of the 
Indian Munitions Board since its creation in April 1917. In certain 
cases, civil departments of Government and railway adiuumtra* 
tions have also been supplied with such materials. 

The principles followed have been those defined in the introductory 
chapters of this handbook, vts., the utilisation as far as possible 
of the products of the forests of India and the avoidance of 
uimccessary inflation of prices due to competitive buying Ity various 
military and civil de|>artmcutH of Government. This has been achieved 
by arranging for additional oatturn from the furests, rather than buying 
existing supplies in the market which, owing to the restriction of 
shippiag and railway facilities, have been to some extent curtailed. 

The statement on the n»t page summarises the operations 
Smnnuury ol ths Timber Bcanch of the Indian Munitions 

operaflom ofthsTliiibsr Board from its oqianiBstion in April 1917 to 
Seppijr Brsndi. qJ December 1918. In order to 

enable indents to bo met without undue delay (the extraction of 
timber from tbe forests being possible as a rule only daring certain 
months of tiic year) and to season the timber before despatch as 
fat as time allowed, the Board estobiished large depdts in 
Bombay, Bangoon and Karachi. These have had to bo fed con- 
stantly by frcrii supplies as they were depleted *6y issues, and 
the total balance of stock in hand in these three depdts at the 
end of December 1918 was 51,293 tons, viz., 28,376 tons (inoludmg 
187,374 bamboos) in Bombay, 14,794 tons in Bangoon and 8,123 
tons in Karachi. The various classes of material supplied comprised 
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Tablb.— of the operations of the Tvmher Branch. 


Destination. 

Indents 

received. 

^Amount 
shipped or 
despatched. 

Balance to 
bo supplied. 

OVBRSBAS— 

(Tons of 

60 a ft.) 

(Tons of 
60C.ft ) 

(Tons of 60 
C.ft.) 

Egypt 

60,488 

58,465 

2,033 

Mesopotamia . • . . • « 

133,830 

127,456 

8,374 

Salonika • • ■ . • 

16,647 

15,647 

m 

Others (Aden» East Africa, PerBlaa Golf 
Ports, eto.) 

10,306 

5,332 

\ 

4,076 

Total (Ovbbsbas) 

232,273 

206,890 

15,383 

Ibdia 

61,501 

34,708 

26,703 

GRAND TOTAL e 

283,774 

241,598 

42,176 

timbetc for structural work, e.p., tl 

ie construction of bri 

dges^ piers. 


wharves, buildings and temporary huts and lines, telegraph poles 
and wood of suitable species for boat building and repairs, air-craft 
and rifle stocks, and bamboos for river-training works, tent poles, 
lance staves and mosquito poles. 

The supply of timber to military forces in Eastern spheres of 
operations was carried out prior to the crea> 
tion of the Indian Munitions Board by the 
Military Works (Services, about 100,000 tons 
of timber being supplied, of which roughly GO per cent, was of foreign 
. origin. Oh the transfer of this task to the Indian Munitions- Board* 
the general policy was adopted of meeting requirements as far as 
possible with in^enous rather than imported foreign timber, with 
a view to economy and the xoducfion to a minimum of the demands 
. on shipping. At least 96 pet cent, of the timber purchased by the 
Board was grown in India or Burma. This course secured indirectly 
the further advantages of stimulatang the economic exploitation oi 
the forests of India and Burma, of bringing to notice many species 


W of Indian 
foreign tli 















185 


Tie Siipply of Timber mi Bamboos. 

of timber Hitherto little knoTm, and- of Becuiing for this country the 
profits arisiiig from the sale and handling of the material. Further, 
as by fax the greater part of the forests here are the property of 
<lk>veixunent, this policy benefited to some extent the public revenue 
of the country, 'vrhile on the other hand the cost of supply was kept 
low in spite of the largely increased consumption and the unprece- 
dented volume exported. In carrying out this policy the Indian 
Munitions Board has received the cordial assistance of the Forest 
Departmmt, without whose energetic co-operation it would have 
been impossible to meet from this country the heavy and sudden 
demands made upon it. 

Thanks to the wise and far-seeing policy adopted by the Govern-' 

Indlm amber f«ourc«. more than fifty y^s ago, m 

stoppmg the unrestricted exploitation of the 
State forests and their ruthless and wasteful destruction by the 
jungle tribes and the neighbouring population, the resources of 
India and Burma in timber and bamboos at the outbreak of the wodd 
war, now happily ended, were far more than ample to meet the 
demands made on them. In this respect India can congratulate 
itself on its favourable position as compared with Great Britain, 
where the greatest anxiety prevailed during the war as to the suffi- 
ciency of its timber resources and the possibility of importing suffi- 
cient to meet the enormous demands for pit-props for the coalfields, 
building timber for military and munitions work, etc. 

' On the other hand, the care devoted by the Forest Pepartment to 
_ , „ . u t tihe tending and improvement of the forests 

wardnen In economic durmg the past half century, necessary and 
indeed^sential as it was to the improvement 
” of the forests, most of which had formerly 

suffered much from neglect, fixe, over-grazing and'overentting, 
has indirectly made it more difficult to supply at very ^ort notice 
very large quantities of the beams, sleepers, scantlings and planks 
required by the militsxy authorities during the war. In the first 
place, the efforts of the Forest Department and its officers have been 
•devoted rather to protection, and to gaining the necessary know- 
ledge of the habits and requirements of the trees composing the 
forests, in order to ensure succoasful reproduction and development, 
than to the exploitation of the produce. Secondly, the restriction 
of fellings in the forests has delayed the construction of the necessary 
tramways, rope-ways and other means of extraction and the eseo- 
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lion of sa'vnnills for the conversion, 'whether bj Qovenunent or 
private agency, of the la'w timber to the planks and scantlings 
required by the consumer. The development of the economic 
resources of the Government forests has not yet received the atten* 
tion which it deserves and which it will certainly receive in the 'very 
near future. As regards sawing facilities, Burma with its enormous 
forest resources is far ahead of India proper, possessing more saw- 
mills than the whole of the rest of India. Unfortunately, ‘the need 
for the strictest economy in shipping has prevented full advantage 
being taken of the resources of Burma, both in timber and sawing 
facilities, but that province has supplied about 80,000 tons or 28 
per cent, of the timber needed by tiie Board. The war and scarcity 
of shipping has afiected very seriously the teak trade of Burma, 
private exports having fallen from 48,528 tons in lOlMi to 14,558 
tons in 1917-18, The demand for timber (but chiefly of species 
other than teak) for military requirements was, however, of the 
greatest help to the timber trade in the province, when supplies 
began to be drawn from this source, as it gave profitable employment 
to all the existing mills, many of which had previously suspended 
work owing to the stagnation of the market. 

It may be mentioned that the great majority of the timber 
supplied by the Board has been in the form of sawn beams, planks 
and scantlings and 'tiiat the conversion of these has presented great 
difficulty (elsewhere than in Burma) owing to the limited number 
of sawmills existing in the west and north of India and the impo8sibi*> 
lity of importing additional plant. The expansion of the sawing 
facilities in India proper has been much hampered by the extreme 
difficulty of obtaining machinery and machine saws from abroad. It is 
stated that the price of machine saws has increased hero tenfold 
diiriiig the last four years, and even at these extraordinary prices 
the supply has been the cause of great anxiety to millowners. In 
spite of this fact, a few additional mills hare sprung up in Bombay, 
while the capacity of some others has been largely increased. A 
firm owning a mill at Jhelum in the Punjab and employed largely by 
the Board has more than doubled its capacity, while the Forest 
Department in the United Provinces is constructing a large new 
sawRull at Bareilly. These developments, however, have been almost 
entirely mere transfers of existing plant from places where they were 
not workuig remuneratively to others where the demand for them 
was keen, consequent largely on the purchases of the Indian Muiu* 
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tioits Soard and the general restrietioua of imports of ready cat 
planking and scantling from Europe. They may, however, be 
welcomed on that very account as tending to the fuller utilisation of 
Indian resources and the restriction of dependence on foreign sup])lies. 
Buck developments are extremely desirable, not from any sontiniciital 
point of view but because the supplies from Europe, chiefly the 
Baltic ports, are likely to be very much curtailed during the next 
few years owing to ^e exceptional demands in Europe itself for 
the rebuilding of devastated tracts in Belgium and France and the 
making up of arrears of bmlding operations in Great Britain and 
elsewhere. 

The general backwardness in the past in the commercial develop* 
nicnt of the resources of the forests of India has had two unfortunate 
indirect results, viz., 

(1) that measures have never boon taken till recently to dis- 

cover the best methods of seasoning Indian timbers 
other than teak or (where appropriate methods were 
known) to apply these on a large scale ; 

(2) tiiat the value and properties of timber of most of the 

B|M!cieH found in commercial quantities in India liave not 
become known to consumers generally, this being the chhc 
also with the majority of the military oflienrs whoso 
demands the Board has had to metti. 


The result of the combined operation of those two causis has 
been n ganenl preferenee for the imported article and the uneco- 
nomic use, aa well ai the oee ia an nnaeMoned condition* of the Indiaa 
timbois. 


The 

tfinbcr. 


As regards the proper eeaeoning of Indian timhets a noiahlo 
advance has recently been made by the publication 
by the Forest Beseawh Institute of the results 
of careful experiments, which have been In 
progress for five years. The best method of natural seasoning 
for one species is not necessarily the best for another, nor is the best 
method in one province always the best in another with a widely 
different climate. With some species, girdling the standii^ trees 
one to three years before felUng is found to give the best results ; 
with others, careful storage in the log for six months to two years 
before eonvernon ; with ^era, storage after oonversion provee most 
suitable. The timber of some can only be seasoned satiifaetoiUy 
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after temporary immersioii in water, preferably numing water, fot 
we^B. Thus a great 'variety of treatment is demanded with various 
species and the best treatment for timber of the vast majority of 
the species available has yet to be determined ezperimentjdly. 

Hitherto very little has been done to ascertain whether Indian 
timbers can be seasoned artificially with snccess. Such methods 
are very extensively employed in Europe and America, but chiefly 
with timber which has already been partially air seasoned. It is 
by no means certain that the types of artificial seasoning plant in 
use in Europe and America will prove suitable in India, and hero 
again it is impossible to generalise in a country with such varied 
climates and such extremes of temperature and of humidity or 
drought. Experiments are, however, to be made at a very early 
date by the Forest Department, and would have been carried out 
ere this but for the difficulty of importing the plant. The merit 
of these artificial methods of timber seasoning is the saving of time 
and consequently of capital outlay. It reuses considerably the 
stock of timber which it is necessary to keep and the land and 
buildings required for storage. But unless and until such artificial 
methods are evolved for rapid seasoning, the only course open is to 
keep timber under proper conditions generally for three years before 
use, or, in the case of certain species, to girdle the standi^ trees one 
to three y^s before felling them. 

Except as reg^ards the girdling of teak before felling, which has 
been gnstomary in .B'onna for many years past, though introduced 
there primarily to render the logs Ughtec and easier to extract by 
water, measures have very rarely been taken in India to seascm 
timber on a large scale before placing it on the market. Consequently 
the Indian Munitions Board has found it almost impossible to 
obtain and supply large quantities of well-seasoned timber of 
spedra other than te«^, thou^ the deodar, pine and fir timber 
supplied from the Himalayas has been fairly seasoned owing 
to the period which elapses between felling and delivery in the plains 
markets and the acceleration of the seasoning process as a whole, 
due to submertion in water during floating operations. With species 
which are very liable to attack by white ants or other insects, or 
to decay by the, attack of fungi during the rains, timber merchants 
are naturally averse from ritidng loss by prolonged storage; 
but these risks are not very smrious if proper precautions are 
taken. 
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Fortunately by ^.r tbe greater part of the demands on the Indian 
Munitions Board for timber, other than in the 
iiirat*of”^dba! **^*"*' railway sleepers, did not demand great 

durability or immimity to insect attack or 
decay (fungoid attack). Though seasoned or dry tinaber is far less 
liable to destruction by insects and fungi than green or unseasoned 
timber, there are of course very few species, of which teak, 
deodar and sal are the most conspicuous, the timber of which is 
naturally very durable when exposed to such attacks in exposed 
situations, especially on or near the surface of the ground. 

In Mesopotamia, white ants are not prevalent except in the 
slightly elevated ground, e.g., village sites, which escape annual 
flooding, and in addition the maiit demand fur timber for building 
purposes has been for structures of a temporary nature, or for 
wharves and bridges, for wliich durability under water was the main 
requisite. This point is mentioned to draw attention to another 
and extremely important development which is yet awaited for the 
economic utilisation of Indian ihnbms. Numerous experiments have 
been made in recent years to discover the method of treating Indian 
timbers antisoptically, which may be economically the best in this 
country. The results are published by the Forest Research Institute 
in Forest Records, Volume III, Part II and Volume VI, Part IV. 
It is to be hoped that in the near future a great advance will take 
place in this direction with a view chiefly to enabling India to meet 
its own requirements in railway sleepers and for building and other 
purposes, where timber has to be used tmder trying conditions. 

It may be noted that some of the indents roceivtid from military 
j ^ forces and Superintendents of Ordnance fac- 
mffd * on tho tones have asked for timber m much larger 

Mmitions Board for tlm> (dzeg than was actually necessary and of species 
of greater value than actually required. Those 
faults are common in comitrios, where timber is abundant and cheap 
and before tho technical properties of the timber of various spmes 
available and their real commercial value, are fully known. With 
increased demand through the development of industries using 
wood such wasteful habits have to he abandoned. Timber of a 
speoioB demanded for a special purpose acquires high value and other 
consumers have to bo satisfied with wood obtainable at less cost. 
Similarly manufacturers not actually requiring timber in ezcop' 
tionally large siscs loam to use the smaller pieces. 


112 
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Exbreme diffionlty has been experienced in famishing suppliee 
Ai ft H hmr ^dian Bouioes of timber of the super- 

' fine qualily and special conditions required by 
the technical advisers of the Boyal Air Force. The species goierally 
used in Europe and America are silver spruce, ash and walnut, 
and the spedfications received are based on designs of madiines 
constmoted of such timber and on their average physical and mecha- 
nical properties. The Board was asked to discover and to supply 
timber of at least siTiii1ii.r character as to weight, strength and e^ti- 
oity, and the preliminary search has not yet been concluded. 


Attention was naturally first devoted to the Himalayan specieB 
of the families named, but the result was vei^ disappointing. The 
quantity of timber of these spedes available free of knots, resin 
galls and other defects, absolutdy strai^t-grained and of the desired 
texture, was found to be so small as not to be worth attempting 
to collect, espedaUy m view of the practical impossibility, with 
existing means of extraction and exploitation, of supplying logs 
of the length demanded or of converting the timber satisfactorily 
in the forests. The very steep slopes on which trees of these species 
grow in the Himalayas, often to enormous size, prevent the forma- 
tion of deose forests. Consequentiy the lower branches are not killed 
ofl when the trees are young and the timber of old and apparently 
dean boles is foxmd after convention to contain numerous small 


knots. The seardu for suitable timber has therefore been directed 


more recently to the tropical forests of India and Burma and thus 
to spedes of altogether different families to those named. Here 
fresh difficulties were esqterienced, especially in finding a suitable 
substitute for spruce, the wood required in by far the fargest quan- 
tify. Most serviceable tropical timbers are of much greater specific 
graviiy than those of the spruce family. A great number 
are also more or less cross-grained, the fibres in many cases 
ascending, in adjacent but ^sdy interlocked layers, in alter- 
nately right and left handed spirals, and not in straight parallel 
tines. Further most tropical forests are composed of a very great 
variety of spedes, and certain species, though yielding wood of 
suitable dtaraoter and qualify, could not be considered owing to 
thdr not offering timber in the required quantity, In addition, the 
information to hand as to the tedmical proper^ of the timber of 
the various species considered was altogether inadequate as a guide. 
In fact much research was needed, and this was delayed by inabll- 
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ity to procure at ouce specimens of wood of each species of the neces- 
sary quality in thoroughly seasoned condition. However, arrange- 
ments have been made for the test, on the exact lines required, of tim- 
ber of about fifty difierent species, those of twenty-five of these 
species having now been effected. The earliest tests were made at 
the Engineering College, Sibpur, but later tests were carried out at the 
Forest Besearch Institute, Dehra Dun, where a superior testing machine 
was available. It was subsequently arranged to have duplicate and 
corroborative tests made at the Indian Institute of Science, Bangalore. 
The assistance afforded by these institutions, and especially that 
given by Mr. R. S, Pearson, I.P.S., P.L.S., Forest Economist, was 
invaluable. 

Tests of small specimens on a testing machine, though most 
valuable, cannot be accepted as a final indication of the probable 
behaviour of a timber when used in an aeroplane. Those 
timbers which give the most promising results on the testing machine 
must subsequently bo tried and reported on by the aircraft' mnnn- 
faoturers. It is obvious therefore that sonre time must elapse 
before a list of approved Indian timbers for aircraft construction 
can be drawn up. The investigations so far have shown that the 
most likely sources of supply are virgin evergreen forests, in w'hich 
many of the predominant species grow to an immense siso with 
long clean boles of a hundred feet in length or more without a branch. 
In fact, aircraft construction, almost the most modern of all industries. 


is likely to find its main sources of raw material in some of the least 
developed parts' of the world. 

Arrangements have been made fur the supply of walnut half- 


limber lor rifle (toeki. 


wrought rifle stocks to the Orditance Depart- 
ment, and both the Kashmir State and the 


Forest Department iti Hazara division, North-West Frontier Pro- 
vince have recently erected plant for steam-seasoning the wood, the 
treatment specially recommended and employed in Europe and 
America in this connection. 


The specification K for timber for riiie stocks arc extremely 
exacting. Walnut timber of the requisite (luality is unfortunakdy 
increasingly scarce, and no Indian timber has yet been proved 
a fully satisfactory substitute. Further experiments arc, howtwer, 
in progress in the proper stiasouing of timber of iKe two species 
which appear best adaptiid for such use, terminalia hinbOn 
and pterocarjm mareupivm. In the ease of the latter, a diflieiilty 
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hitherto experienced has been the removal of a persistent yellow 
dye, as well as the eSective seasoning of the timber, but experiments 
recently made by the Forest Besearch Institute with the latter 
object have proved that immersion in water, preferably running 
water, for a period of about 6 weeks in the form of planks, sawn 
soon after felling the trees, followed by careful air seasoning, 
is not only the best method of naturally seasoning this wood but 
removes almost the whole of the dye. 

The supply of bamboos for river-training works in Mesopotamia, 

' lor tent poles, lance staves, ambulance stret- 

Tbe supply of bambocs. mosquito-net poles has occasioned 

considerable difficulty, generally owing to previous ignorance ae 
to the localities in which such bamboos were to be obtained and 
to the lack of any previous organisation of supplies. The supply 
in large numbers of bamboos of the required thickness of shell, 
diameter, length and straightness for each class of work, more or 
less free from blemishes or surface injury has required prolonged 
enquiry. These specifications, espedally in the case of bamboos 
for lance staves and tent poles, are so exacting that, in order to 
conceal blemishes and imperfections, dealers have been driven to 
adopt numerous tricks which it requires an expert to detect. 
Bxperience has shown also the necessity for the preservative 
treatment of bamboos immediately after collection, as without 
such treatment th<^ axe soon ruined by insects. Immersiojii^ 
crude oil for a short time is found to afford reasonable protection for 
at l^t a year or two, as described in Forest Besearch Institute 
Pamphlet No. 15 (Forest Zoology Series No. 2). The organisation 
of supplies and the introduction of preservative or antisi^tic treat- 
ment on a wide scale appears to merit early attention. 

A popular up-to-date account of the forest resources of India 
Coad 1 working of the State forests is given 

in a recent Qovenunmit publication by Mr. 
B. S. Troup, Assistant Inspector-General of Forests, entitled The 
Work of the Forest Department in India.'* More technical and 
detailed information is available in the publicationf of the Forest 
Besearch Institute, Dehra Dun. 
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Textile Supplies. 


By A. H. SiLVBR, C.I.S., 
Controller, Textile Supplies, 


A special branch to deal with the supplies of textiles, ptimariljr 
for army requirements, Tras inaugurated by the Indian Munitions 
Board in June, 1917. In its earlier stages, the branch took over 
the supplies of all the textile and allied requirements formerly dealt 
with by the Army Clothing Department, Ordnance Department and 
Supply and Transport Department, and at later stages, as the 
work developed, specialised classes of goods were transferred to 
appropriate branches. Thus, the provision of all jute textile require* 
ments became sufficiently large to warrant the establishment of a 
special branch, while later it was found desirable to administer the 


actual manufacture and provision of made-up clotliing from a special 
Clothing Branch, thus leaving to the Textiles Branch the main 
duty of purchase and supply to the manufacturing, departments. 
Th only item, other than pure textiles, now handled in the Textiles 
Branch is that of army boots, the purchase of which docs not fall 
within the province of any other specialised branch. 

The purchase of all textile supplies for the army having been 
centralised, it became necessary also to centralise the purchasing of 
similar supplies for all other Government departments such as Police, 
Posts and Telegraphs, etc. This was duly carried into effect, and 
to-day all Government requirements ot any character for all 
classes of textiles are dealt with at the Board’s headquarters. 
The purchases mode in the Textiles Branch amounted to ap]>rox- 
imatdy two oroi'cs of rupees per month in tlio latter half of 1918. 

Naturally the niaiu (lovemmcmt requirement in India is for 


CoifoB textile*. 


ooiion textiles, and to-day the whole of these— 
with the solo cxce]>tion at the moment of 


nioH(|uitci netting — are supplied from Indian mills. The policy of 


the Board has been to deal direct with manufacturers, and it has 
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been found possible to enter into mutually satisfactory urran^t*^- 
ments with the Indian mills under which they supply their goods 
to Government at an agrced>on percentage of profit. The economies 
effected by the centralization of purcliases and the standardization 
of supplie-!, coupled with the buying arrangement h made with the 
manufacturers, have resulted in a very large saving to flovernment. 

Much has been done to standardize the various classes of cotton 
materials for army purposes and to draw up specifications suited 
to Indian umnufact tiring conditions. As an exiinipte, it may bo 
mentioned that the revishm of the specificat'on for pugree cloth 
allowed of the material being made by nvety* niill in India, and 
ntsulted in a saving of over 10 lakhs of rtipees per iiiintini, ns com- 
pared with the price, which would have been paid for pugree cloth 
made to the former spicification and which could only be. produced 
by three or four mills in India. 

The effect upon Indian mills of the placing of all Indian require- 
ments in India may lat gnthcrefl front the figures of supply of some 
of the larger items during (la* past ytatr whieh are as follows 


Klmki firillM d n<l [tugnt* rtcif Im • 

. 4a,fi0o,ooo .vMiiis 

CiM*y uiiti blciit’lffri cilfttliM • • 

o,f no,oon „ 

WrlihinKH ond tfiiMH • • • « 


Cotlcm rO|KMi « s a e a 

. 11,000,000 rsthonis 

FJftnnekttta • • * « * 

. S.SOO,flOO ysolM 

CotUm r«nv«a kit bft|r» 

3,OOn.MIO 

KuIIm ’ e . . 

1,000,000 

• 

MtO,flUO 

l^lkiw 4'Crv«*n nnd 

400.000 

MattrpiiH fOMOii . a 

000,000 

aikI tbmid . . . « « 

. 400.(MIO III*. 


In addition to these, some l(),0tMi ttuits wore supplied monthly. 
In some cases, tlie tents w’cre iimdc by mills who supplinl their own 
dosvti, but, where thd manufacture of tents was given out to con- 
tcactors, the Bor||^ supplied them with the dosuti rmpiired, and this 
alone entailed the purchase of approximately 1 ,7fit>,nfl0 yards monthly. 

The hand-loom industry has licen utilised to stime extent where 
it was possible to get Irom that source u suitable material, while the 
bulk of the webhing and (ape was made by village workers. 

There are five woollen mills in India, and all of thcmi wero under 
WAdfan toKHM engagement to supply the whole of their out- 

• put to the Indian Munitions Board. In addi- 
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tion, a small disused woollen mill was found in Bombay and was 
requisitioned by the Board to assist mainly in the manufacture of 
blankets. The total supply of woollen and worsted manufactures 
in India was, however, insufficient to meet the full requirements of 
th army upon its present scale and, consequently, it was found 
necessary to import a certain quantity of woollens from home. These 
imports were restricted to the quantities absolutely necessary 
to supplement the total Indian production, while every efiort was 
made to increase the Indian production to its utmost limit. 
Thus all the five woollen mills agreed to work day and night in order 
that their machinery should be utilised to its fullest capacity. JThis 
has naturally been a serious strain upon the workers, and Qovem> 
meat owes them a debt of gratitude for the manner in which they 
have met the demands made upon them. The yearly supplies made 
in India now total nearly 6,000,000 yards of woollen and worsted 
cloths, 6,000,000 items of hosiery such as socks, jerseys, mittens, 
etc., 1,260,000 pairs of woollen putties, 1,600,000 blankets and 
jhools, and 50,000 yards of felt. These figures are greatly in excess 
of anything which was • produced in India before the mur. 1%e 
handdoom industry has been used to increase the supplies of 
blankets, and by the latter half of 1918 the total supplies of blankets 
from all sources were nearly 200,000 a month, practically three times 
the number supplied up to June, 1917. It seems probable that the 
total supplies of blankets, now provided, use up all the available 
blanket wool in India. The puttoo industry in Katiunir has also 
been exploited to its utmost, and the Board takes all the puttoo 
which can bo had from that source. 

it was found necessary early in the war to exercise some measure 
of control over the supplies of wool offered for sale in India, and 
various ord^ were passed under the* Defence of India Buies from 
time to time to control the movements of all wool produced in or 
entering India. TIio lesult was to keep prices steady, and, on the 
whole, purchases made in India have shown groat savings as 
compared wi'tii the prices ruling in Bngland for similar goods at the 
same time. 

As a general statement it may bo said that the whole of the 
Rimy requirements has been met by Indian 
manufacture, although during 1918, it was 
thought desirable to import some 200,000 pdl^ &om abroad in order 
to safeguard the supply, as the total manufacturing power of India 
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expanded to its utmost was only barely sufl&cient to meet the recur- 
ring monthly requirements, which amounted to 176,000 pairs. 
The bulk of these requirements were met from Cawnpore, and the 
price of the Indian-made boot has been well below the price for 
army boots made in England. Special efforts were made by the* 
Board to develop the manufacture of army boots in other centres,, 
and, although it was not found possible during 1918 to make any 
considerable addition to the monthly supply, it is hoped, if neces-^ 
sary, to procure ' larger numbers during 1919. 
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Shipbuilding in India. 

Bt GoL S. MAcaBEooB, R.E., 

C&ntroner of Sht^builiing. 

The lequirements in the matt^ of water transport of the over- 
seas forces in the East during the last two and a half years, and 
the need for sea-going tonnage have given a great impetus to the 
shipbuilding industry of India and Burma. The general extent of 
the shipbuilding operations may now be divulged, and it is hoped 
that the following brief accomit of the work accomplished in thiS' 
connection by the various engineerbg and shipbuilding Sms in the 
country may be of gmeial* interest. 

It is imposrible to refer to all the drcumstanccs whidh gave 
rise to the reoiganbation of the shipbuilding 
poSSSu*** *'**“’ industry in India, but the events of the Srst 
two years of waifaic in thc<East arc still fresh, 
in the public mind and will make clear to most why the demand 
for water transport had become so heavy that, in 1016, the Govern- 
ment of India found it necessary to foim a special agency which 
would he ref^onsible for the organisation of the work of construc- 
tion. At the outset, this agency worked under the direction of 
the Eailway Board, hut the Indian Munitions Board took over the 
administrative control shortly after its formation (March 1917). 
The main idea in the formation of this agency was to secure the full! 
ro-operation of the engineering trade, and an offer of the Indian 
Engineering Association to undertake the executive contiol of 
shipbuilding rehourccs was therefore readily accepted by Government, 
and a Board, styled the Indian Bivercraft Board, was constituted 
at Calcutta, with sub-committees at Bombay, Karacbi, Bangoon. 
Colombo and Singapore. 

Arrangements were made by the Indian Bivercraft Board for 
the construction of a large numlrer of rivercraft and for the re- 
erection at Karachi aird Bcn<buy ol trait of various k’nds stnt out 
from Home in p'ates and unglis. Tin- main ] nitron of this work 
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was carried out at Karachi, where a large ^ipyard was laid down 
with building accommodation for 20 rivercraft. 

In Calcutta, the work consisted principally of the construction 
■of 125 foot steel and composite barges, o' 50 foot steel barges and 
■of pontoons for two large floating bridges. A large number of motor 
launches, sjxohor boats and dinghies has also been supplied. 

In Bombay, there have been constructed barges of the 125 
foot type both in steel and composite, and also 50 foot steel barges. 
The re-erection of two stemwheel tugs And of two stern^eel 
hospital ships was also undertaken, the hospital ships being laige 
and very complicated vessels. 

The laying down of the Karadii yard and the expeditious way 
in which re-erection work was carried out in it are records most 
creditable to the organisers and to the executive responsible for 
the performances. In addition to re-erecting a considerable number 
of 125 foot barges, a large number of pontoons for the floating 
bridges was despatched fi'om Calcutta to Karachi in plates unrt 
angles for re-erection at Basrah. Three stemwheel tugs sent out 
from England in plates and angles were also re-erected and despatchkl 
under their own power to Basrah. 

In Rangoon, the committee built a composite barge and a largo 
number of wooden anchor boats, cutters and dinghies and gave 
much assistance in plant and shilled labour. 

The Singapore Committee helped the Board very considerably, 
not only in meeting large indents for plant of all Mnds, but also 
in obtaining a large quantity of highly skilled Chinese labour. 

The Colombo Committee had very few calls made on them, 
but they gave considerable assistance in the provision of labour 
and in the inspection for purchase of existing launches and cargo 
boats. 


In .December 1917, as a result of enquiries from the British Uovern- 
. „„ ment as to the capabilities of India for the 

^ construction of ocean-going oil-driven ships, 

sea-going tugs and steam trawlers, the Indian Munitions Board 
organised its Shipbuilding Branch at Calcutta. The details of the 
work were entrusted to a Controller of Shipbuildng, whose services 
were borrowed from the Admiralty, The main function of the 


Controller was to meet the demand for new craft required for 
the different Eastern theatres of war, to investigate '^e ship- 
building possibilities and encourage construction in India, and 
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to control repairs to ships other than His Majesty's ships and hired 
transports. In view of the formation of a Shipbuilding Branch 
of the Board, it was realized that the continued existence of the 
Indian Bivercraft Board wo'. unnecessary and it was dissolved in 
June 1918. 

Since the organisation of this Branch in December 1!U7, a 
considerable number of tugs, motor bouts, lipditers, mooring boats, 
anchor bouts cauot's, dinghies, marine motors, buoys, and sjmre 
{Hills, such us rudders, propellers and shafting, have been suppl'cd 
to overseas forces; while under its supervision the building of 
mine sweepers for Indian coast defence purposes w'as undertaken, six 
at Calcutta and three at Bombay. 

As a result of the Controller’s investigations, it was dccid<>d 
that while the construction of wooden mtiling ships in India should 
be encouraged during the war, it was not practicable to undertake 
the conatniotion of steel and composite eteamships owing to— 

(1) the necendty for imparting the bulk of the steel materiab, 

* equipment, etc., as well as the boUera and engines ; 

(2) the limited and uneconomical size of steel steamdiips, which 

would bo constructed with the existing facilities in India ; 

(5) the present heavy demands on engineering cstabUshments 

for munitions of war, which could not, without jeopartly, 
bo mot concurrently with shipbuilding ; 

(4) the ability of the shipyards at Homo to use all available 
supplies of steel material with results more beneficial to 
the Bmpize tiian could be produced in India. 

In Older to eaoonzage the bnilding of wooden sailing ahipe 
with or without auxiliary power, the Qovemment of India iuued 
a communique to diipowners and builders in the followiog terms ; — 

“(») Though no guarantee can be given of general immunity 
from requisition by Government, lau nndertidcing is given 
by the British Shipping Controller tlrnt in the event of 
any vessel, built in India after the present date, being 
required by Government, HiKw-ial rotes will be {Htid, 
taking full account of the conditions under which it 
was constructed. 

(6) The Controller (Shipbuilding), Indian Mtlnitions Board, will 

give on application, and ot his discretion, suchasnst- 
anee as he reasonably can in the way of technical advice 
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and the supply of plans. Moderate fees will be charged 
for plans pio-vided by the Controller. 

(c) Timber’will be supplied by the Forest Department in Madras, 
Bombay and Bengal at moderate rates and on easy 
terms of payment, on the secucily of insurance policies 
on the vessels. In the case of Burma, the Deputy 
Controller (Timber Supplies), Burma, will assist ship- 
builders in negotiations for timber with the firms which 
hold forest leases there. 

id) The results of enquiries made by the Indian Munitions 
Board suggest that canvas of suitable quality, for use 
in sails is not at present produced in India. Such 
information as is available on this point from time to 
time wiU be given to enquirers by the Controller (Ship- 
building) : but, unless a suitable canvas can be manu- 
factured locally, the provision of sail canvas will naturally 
.fall xmder head (/) following. 

'(") Hdp will be given by the Indian Munitions Board in secur- 
ing the provision of essential requirements of such metal 
parts and accessories of the simplest possible construction, 
as may be procurable in India but which shipbuilders 
may experience di£5.culty in getting without assistance. 

(.f) Ihe Munitions Board will support applications for priority 
for the importation of accessrnies, such as anchors and 
cables, for the construction and equipment of wooden 
ships, which it may be necessary to obtain from abroad. 
iff) With reference to the Indian Companies Bestriotion Act, 
1918, the Government of India in the Finance Depart- 
ment will ordinarily grant licenses for the flotation of 
any shipbuilding company, which has a fair prospect of 
being able 'to commence operations in a reasonable 
time,” i 

-The communique was issued on the 11th July 1918 and copies 
were circulated to all local Governments, provincial Controllers of 
Munitions and other authorities concerned. At present, there are 
undei' cons'ruction in India and Burma 44 sea-going wooden sailing 
.ships, varying from 100 to 1,000 tons carrying capacity, in the 
.following places : — * 

J^urma. — ^Rai^on and Moulmein. 

Madras, — Calicut, Masulipatam, Cochin. 
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^ewjraZ.— Calcutta, Chittagong. 

Bombay. — N ersova. 

The possibility of constructing ferro-concrete vessels in India 
was not overlooked. The Controller General of 
Concrete vessels. Merchant Shipbuilding advised the Government 

of India to await the results of the actual sea-going performances 
of the vessels being built at Home before embarking on cons- 
truction. The Indian Munitions Board is in touch with the 
Admiralty with a view to take advantage of their experience as 
soon as definitely favourable results and suitable designs have been 
established. 
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Supply of Railway Materials from ladia to Expeditionary Forces, 

By J. C. Hiqhbt, 

ControUer {Badway Matoriah), Indian Mmitimr Board. 

Prior to March 1917, the provision of railway material and 
plant required by expeditionary forces had been undertaken by 
the Railway Board, who had formed a special war branch to deal 
with such supplies, with the construction in India of craft for tlio 
Inland Water Transport in Mesopotamia, and also with the recruit- 
ment of the technical stai! required from India for the working of 
^ these transport serviceB. On the creation of the Munitions Board, 
the portion of this war branch which dealt with railway supplies 
became the Bailway Materials branch of the Munitions Board. 
The figures given in this note indude supplies made, while this 
branch was under the administrative control of the Railway Board. 

It is impracticable to detail all the various items of railway 
Somlhi el mHhit «“Ppty J dnco-except in the. case of Egypt 
stocl^ tmek sad btUg< and Salonika to which only permanent-way 
lag aiatarisL materials were supplied-— equipment of all kinds 

for both construction and working has been provided, the assistanoe 
rendered by India to railways in theatres of war will be appreciated 
from the figures for the main supplies given in the table below 
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Of the rails provided, no less than 770 miles consisted of new 
and second-hand material made available from lailwaTs, and of 
this 265 miles were obtained from open lines lifted, from t-mA to 
time, to meet emergent demands. Of the remainder, 1,002 miles 
were provided from the Tata Iron and Steel Company, Limited. 

The manufacture of fishbolts and dogspikes was at ^st distii- 

Fishboltiseddowlke.. several rafiway wor^hops but 

was eventually concentrated m the loccnno- 
tive workshops of the East Indian Bailway at Jamalpur, steel being 
supplied from Sakchi in the form of billets, which were rolled down 
at Jamalpur to the required sections. The monthly production was 
latterly IKX),000 dogspikes and from 75,000 to 100,000 fishbolts and 
nuts. 

In the supply of sleepers, invaluable aSEUStance has been received 
ftmn railway administrations and the Forest 
Department, liatterlyi the main supply has been 
front Burma, whence a regular supply of 100,000 broad-gauge sleepers 
per month Ium been maintained, besides sleepers of other uses in 
considerable quantities. 

In the table below, the rolling stock is clasafied according to 
gauge 

TantR 2.— Rolling stock supplied to tear theatres classified by gauges. 


Si«t|Mrs. 
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The rolling stock provided included such special classes as ar- 
moured trains, ambulance trains, disinfecting 
•oppiklil **”**"* ****** refrigerator vans. Of the standard 

gauge vehicles, 286 were converted from broad 
(b'-O*) gauge stock, and the remainder specially built. The con- 
version of one lot of 160 broad-gauge covered goods wagons was 
carried out in the Carriage and Wagon shops of the East Indian 
Bailway at LUl^b within 11 days. The same shops turned out 16 
entirely new brake vans in the ehoit space of 16 days. 

A demand for an ambulance train for tise on the standard-gauge 
lines north of Baghdad was met by converting (me of the broad 

• o 
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gauge txains in existence in India. This train consisted of 11 bogies. 
The work was carried out in the Carriage and Wagon shops of 
the North Western Bailway at Lahore and the converted train 
was shipped from Karachi within two months. 

The greater portion of the metre-gauge stock was supplied on 
the basis of equality of service, each railway administration by 
agreement being caUed upon to help in proportion to the quantity 
of rolling stock in its possession. Latterly, it was found necessar}' 
to depart from this arraivgcment, and the later demands were dis- 
tributed, in consultation with the Railway Board, to the railway', 
from which it was considered that further stock could bc>st be .sjmred. 
The diversity of types of vehicles of the S4uue clas.s wa.-* ke[it 
down by confining the supply of particular classes of .stock, a-t 
far as practicable, to certain railways, and restoring the balance 
of supply by transfers betweeh railways in India,, The effect of 
this win be particularly noticeable to an observant traveller on the 
metre-gauge S 3 rstem of the Bombay, Baroda and Centrni India 
Railway, from which the major portion of the stock wnt. ovpr.s(!«.«i 
has been draw'n. Three metre-gauge ambulance truiits, completely 
equipped at Ajmere, were sent to Mesoiiotaniia. Two of ihesv— each 
consisting of fourteen SO ft. bogies— were completed in the short 
space of months, notwithstanding the difBculty experienced in 
securing the xequiate materials. Each of these trains provided 
accommodation for 146 lying-down cases and 30 sitting-up eases 
as well as ' for the accompanying medical and railway staff. The 
third ambulance train consisted of eight bogies and one water tank 
wagon. Four additional bogies Avere subsequently providmi, which 
enabled Mesopotamia to divide up the ambulance stock into five 
complete trains of eight bogies each. 

Of the narrow-gauge stock, 14 locomotives and 170 vehicles were 
provided from a reserve of light railway material, maintained in 
India, and the remainder supplied by railways. The supply of 
bridging has been made entirely from railways. 

The distribution of the steel production of the Tufa Ti-oit 
and Steel Company has been controlled 
** through this branch. By arrongement with 
Messrs. Tata and Sons, the Railway Boanl 
secured 50,000 tons of the 1916-17 output for Indian railways and 
out of this 21,000 tons of rails and fishplates were given np to meet 
the requirements of the forces’in Egypt and Mesopotamia. For 1917- 
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18, the Munitions Board obtained an option, on behalf of Govern- 
ment, on the Company’s entire steel output and this was subse- 
quently extended over the year 1918-19. During 1917-18, 97,000 
tons of steel in all forms were supplied to Government, out of which 
71,000 tons of rails and fishplates and 4,200 tons of other sections were 
for overseas. During the six months April — September 1918, the 
total supply was approximately 65,000 tons, out of which 10,000 
tons of rails and fishplates and 1,900 tons of other sections were 
for overseas. Over and above these quantities, a considerable 
tonnage of steel sections were supplied to engineering firms in India 
for the fabrication of river craft, workshops and other steel structurea 
for the various forces. 
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Petroleum. 


By W. W. Watt, 

Deputy Controller, Mineral Oils, Indian Munitions Board. 


India’s ahaie of the world’s supply of crude peteoleum has 
been gradually rising. In 1905-07, it was esti- 
« siappiy. mated to be IJ per cent, but at the end of 
1911 it had risen to 1'87 per cent. The percentage at the present 
day will be larger owing to the effect of the war on the Baku 
{Russian) and Rumanian fields. 

The following approximate figures show the large increases in 
India’s production o( production of petroleum in India within recent 
* citulo pfitrokmitio y 68X8 


T«ar. 

1890 

1895 

1900 

1904 

1906 

1911 

1917 


a 4pl32»000 

o 1%004,000 

. 87p729p000 

0 118»491p000 
. 14/OmfiOO 
, 25S5,798p00D 
. 282,760*000 


Petroleum in In^ is confined to two arcs of folded roi^ at 

Indtaa anai of occur* either ertremity of the Himalayas : — 

Noec. 


(1) the Iranian arc on the west, oojuiring in the Punjab and 

Baluchistan and continued beyond British limits to Persia, 
and 

(2) the Arakan system in the east, occurring in axtd. 

Burma and continued to the oil fields of Sumatra, 
Java and Borneo. In both areas the oil is associated 
with tertiary strata. 
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In 1884-85, efioits were made to develop the oil resources in 
diiferent parts of Baluchistan, the most prom- 
North-West Fren- jgjjjg jjging Q^ar Ehotan in the Mari Hills 
and M<^sl Eot in the Bhirani country, but 
in the years 1889 and 1890, owing to the heavy rains flooding the 
wells in the Ehotan district, the wells were only able to ]iroduce 
sufficient oil to fuel the works and were subset^uently closed. 

The districts from which oil has been reported are Bhahpiir, 
Jhelum, Banna, Kohat, Bawalpindi, Hazara 
ProvSicM."”****'*'^”***** Eumaon, but the output has always been 
small and has latterly averaged only 1,000 
gallons. Becently, however, thd Attock Oil Company, under the 
management of Messrs. Steel Brothers, has been successfid in riis- 
covering oil at Ehaur in the Rawalpindi (listrict. The Held is 
not yet developed as a commercial undertaking. 

In 1899, the Assam Oil Company was formed with a noniiital 
capital of £310,000, and the output of crude 
petroleum 'in Assam rose from 6^,000 gallons 
in 1899 to '2,783,000 in 1905. The production since the 'war has 
been - 


Tear. fSallonii. 

1914.15 . 4, 700, (SKI 

1015-16 ' 4,A«4,(KKI 

19ie-lT 54Mt,UDO 

1017-18 (^64,000 


Early in 1916, the Burmah Oil Company discovered oil in fair 
quantity at Badarpur in the Chittagong district, but the quality 
is suitable only for fuel. 

The most productive oil fields in the Indian Empire whieh are 
Biinim. actually worked at the present day are tbcNM 

situated on the eastern side of the Arakan 
Yoma, in the Irrawaddy valley. They form a belt stretching from 
the Magwe district, in which the well-known field of Yenangyaung 
occurs, through Myingyan, in which the Singu field occurs, serosa 
the Irrawaddy into Pakokku, where Yenangyat is situated. Oil 
is, however, known farther south in Mmbu, Thayetmyo and Ftome, 
and further north in the Chindwfn valley, hut, of tha but font 
ax^ the only two in which oil has been fonnd in workablo quan- 
tities axe Minbu and Chindwin. The three prim^dl filUds in 
Burma ate Yenangyaung, Yenangyat and Singn. 
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The oil in the Yeii8aig7aiing distriot has been worked by indi- 
genous methods for over 150 yearSi and even 
Yenansyatmt:. before 1886 the aimual yield was generally 
over two million gsUons. Soon after 1887, systematic drilling was 
introduced, and the output gradually rose to 85,649,000 gallons 
in 1905. The quantity of crude oil obtained during the 5 years 
ending 1917 was : — 


Yeax. OaUona. 

1913 200 , 660,000 

1914 174 , 982,000 

1916 108 , 800,000 

1916 109 , 103,000 

1917 170 , 070.000 


Yery small supplies of petroleum were obtained from this field 
prior to 1891 when drilling was started by tb« 
*“*”*^‘ Burmah Oil Company. Expansion was «low anil 
the maximum yidd was obtained in 190S, when the oil won amounted 
to 22,666,000 gallons. The yield has since dropped considerably and 
during 1917 only 5,698,000 gallons were obtained. 

This field came into sudden prominence. The Burmah Oil 
Company first struck petroleum in this area 
on October 30th, 1901, at a depth of 1,4.W 
feet, with an initial yidd of 9,600 gallons per 24 hours ; but, owing 
to lack of tanks, production ^d not begin till 1902, when 175,000 
gallons were obtained. With the opening of new wells, the output 
jumped to 5,617,000 gallons in 1903. In 1917, the production 
amounted to 79,026,000 gallons. 

Although it is now known that the Burmese produced petroleum 
„ j . . 150 years ago by sinking open wells, the first 

^^efliod of produc- reference appears to be contained in Dr. 

Oldham’s report on Col. Yule’s mission to 
Ava in 1855. The average hand-dug well measures approximately 
4''6* square and descends vertically to depths of 200 to 800 feet. 
The use of a modified diving dress and air pump has enabled 
the native well-diggec to work for 5 to 6 hours in the atmosphere 
of petroleum gas instead of only a few minutes, as was the cm hi till 
Europeans entered the field and introduced the native diggers to 
the diving dress as well as the minor to reflect the sun’s rays down 
the well. In 1887, systematic drilling with the Amerioan ” or 
walking-beam type of machine was introduced. The first well 
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vas drilled by maobinery for the Barmah Oil Company in the 
re&x 1898, when oil was struck at a depth of 727 feet and the yield 
was 1,600 gallons pet day of 24 hours. In 1916, this company was 
sompelled, owing to exhaustion of the upper oil sands, to sink 
leeper wells, and their deepest well in 1915 was 3,150 feet. 

In recent years, several of the large oil companies have introduced 
iihe rotary drilling machine, which under certain conditions, is 
more satisfactory. 

The old method of conveying the oil from the wells to the river 
bank was by means of earthenware chaUies, 
ance!**** *** convey, carried by coolies or on country carts, 

but this method was improved upon in 1874, 
by the construction of what might be termed a primitive bamboo 
pipe-line. This lino was built of lacquered bamboos and the oil 
was conveyed by gravitation from the wells to a country boat 
fitted with largo earthenware (MUiea. The no.xt advance in 
the method of transport was made by the Irrawaddy Flotilla Com- 
pany, which built large flat-bottom barges or flats, on the deck 
of which the large earthenware vessels were pleiced. These were 
afterwards replac^ by steel tank barges of about 800,000 gallons 
capacity. In 1908, the Burmah Oil Coippany laid a pipe-line 

10 inches in diameter and 275 miles long, at a cost of £750,000 from 
their fields in Upper Birrma to their refineries at Itangoon, and 
installed throe ])vimping stations on the line fitted with Weir’s high 
pressure pumps, which are capable of delivering oil at Bangoon at 
the rate of 520,000 gallons per day. 

Before the crude petroleum can be marketed it has to undergo 

.IMIMta * R'T'lS'-'tf’”* >’7 ^ 

products obtainable are shown in the diagram 

on the next page. 

This process diagram is not applicable to all orude petroleum, 
as the method of distillation to be adopted depends entirely on 
two factors: — 

(a) the character of the crude petroleum as revealed by ana- 

lysis, and 

(b) the market in which the products axe to be sold. 

In the early days, the Indian market demanded only a burning 

011 (kerosene), with the result that small “pot” or inienaittent 
stills were erected and the di||i>illate, irrespeothre of phydoal pro- 
perties, was coUeoted tuid sold as “lamp oil”, while the residue 



Diagram Oiswmg orAimry proceis of refimng Bwma pOrolem. 
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from this distillation was discarded. Later on, tlie increased pro- 
duction of crude petroleum and the demand for a higher grade 
kerosene caused manufacturers to adopt more scientific methods, 
and the well-known system of continuous distillation, patented in 
1883 by Mr. Norman Henderson of the Broxburn Oil Company, 
Scotland was introduced into Burma and has worked successfully 
ever sinoe. 

With the evolution of the internal combustion engine and rapid 
progress in the motor oar and aircraft industries, petroleum refineni 
found a market for the lightest portion of the distillate, viz., petrol, 
which had hitherto been removed at the oil fields by roughly 
"topping” the crude oil, i,e., removing the lowest boiling point 
fractions by steam distillation. Thcmi fractions had hitherto l>eon 
a waste product and were destroyed. Tlie new detiuiid ll•>^.es- 
sitated further improvements in the distillation of crude petmltMim, 
and numerous pegoessos have been recently patentiHl to extract 
the maximum quanlihf of petrol from the crude oil. One of the 
latest and most economical methods patented was one introduced 
in 1916 into the Burmah Oil Company’s refineries by Mr. H. L. 
Allan, Assistant Manager. A short description of this prooess will 
be found at the end of this article. 

The following indicates roughly the priiioi{)al uses of the pnaluets 
shown in the diagram : 

VndistiUed mtde off— in munitions factories for the manufac- 
ture of explosives. 

DietiUed or safe crude—'* earth oiling ” wooden structures ; 
as a preservative and disinfectant ; as fuel oil ; for laying dost on roads- 

Pared— ■tot internal combustion engines ; motor oars and oyalm ; 
aeroplanes ; dry Meaning ; lamps. 

Benzine— iot internal combustion engines other than aircraft ; lamps- 

Kerosene (bssar oil)— for ordinary wall lamps of any make, but 
mainly for Indian consumption ; gas making ; engine cleaning. 

Superior kerosene— iot house lighting ; gas engines ; etc. 

Water vehite kerosene— n better quality than superior kerosene. 

Seaoy reriduum— as fuel in plooe of ooal. 

PiteX^or road making ; cable oovering ; etc. 

Coke— SB fuel. 

DistiBate fwd—iot Diesel oil engines ; army cooking stoves ; boUsm 

lAtbrioaimg oS (in all grades) for all types of aaohineiy. 

Wax— in munitioBs factories ; and for candies. 
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The great impoxtance of the mineral oil industry in military 
. and naval operations is illustrated by the use 

of on fuel m the navy, of benzme and petrol 
in meohanical transport of all kinds, of petrol in aero-engines, and 
-of mineral lubricants in engines and machinery of every type. 
Burma has contributed its products for each of these uses, and 
it is an indication of the magnitude of the output that its petro- 
Jeum spirit has probably been in use on every battle front. 


Manufacture of paraffin vxoi and candles from esmde 

As the description of the complete process for the manufacture 
of paraffin wax would lead to a very long article 
and would involve the use of technical ex- 
pressions the following short summary may suffice: — 

From the process diagram on page 210 it will be seen that the 
residuum _Juel ” contains most of the paraffin wax. This 
residuum fuel is distilled and the distillate, which contains nearly 
all the paraffin wax and lubricating oil, is treated by a refrigera- 
ting process to separate those two products. The paraffin wax 
obtained in this manner requires to be r^ed to eliminate the 
■oil, and this process is carried out as follows : — ^The crude wax is 
run into cakes 2'-6"xl'-0''x2", and then “ sweated ” in rooms heated 
by means of closed steam. The oil “ sweats” out leaving the 
white wax, which only requires decolorizing to yield a pure white 
wax with a high melting point. 

The following uses of paraffin wax illustrate its great importance 
to industrial concerns .’—Beautiful transparent paraffin candles arc 
made from it in Burma in place of the old tallow *' dips.” The 
Wood used in match manufacture is saturated m it to increase 
combustibility. Designs are traced with it on fabric before the fabric 
is immersed in the dye. (i) It is used fox lining beer banelB ; (ii) 
fresooe and paper-glazing i (iii) linen starching to produce gloss ; (iv) 
egg, meat, flower and fruit preserving ; (v) making model ships to 
be tested in naval experimental tanks ; (vi) waterproofing woollen 
fabrics ; and (vii) for insulating purposes electrical installations. Con- 
fectioners also use paraffin wax in glazing paper to prevent the confec- 
tion adhering to the paper in which it is wrapped. 
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Table 2. — Showing esoports of herosene from India from 1913-14 to 1917-18, 
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Table L^-^Sh&rnng imports into India^ of petrol and ienaine and other motor spirits. 
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^ABLB 8. — Showing exports of paraflm wax from India. 
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When this branch of the industry is carried on as part of the 

- „ , , refinery proper, the melted wax is run direct 

Caodlenanufactute. 

mixed with a certain ])eroentngo of stoarine. Paraffin wax itself 
becomes plastic under the influence of gentle heat ; the stearinc is 
added to increase the rigidity of the candle and to impart a skin, 
which it would not otherwise possess on leaving the moulds. The 
wax is run from the tubs into a steam-jacketted pan in which any 
traces of impurities and water are readily detected, and from which 
it is lifted by moans of a ladle-shaped scoop and transferred to a 
flat-spouted bucket which delivers an oven stream of liquid wax to 
the candlc-mouldiug machine. This is usually done by hand 
labour, although in .some factories the wax is transferred through 
pipes. 

The candle maohino consists of rows of block tin moulds, cast 
on a very highly polished mandril to ensure that the inside surface 
is peifeotly smooth, and seouted into a steel trough which forms 
the top of the water chamber. The bottom or butt of the candle 
is flush with the steel plate, and the tip, or shoulder, is formed by 
a movable polished tip mould. The tip is attached to a hollow 
piston and is pierced to allow the wiok to pass from the wiek reels 
arranged underneath. The pistons rest on a lifting plate, which is 
raised and lowered by a screw gear fitted at both ends of the 


frame. 

When the moltoii wax is poured in, sufifioient is left in the trough 
to allow the moulds to fill up as their contents oonl^aob in cooling. 

The temperature of the moulds must not be too low,* as air 

bubbles carried in by tbe wax will not be eji^elled, and tiiese will 
give the candle a pitted surfaoe. , After tbe wax has set, the exoess 
is trimmed off with a knife, the oandles ^^ised by tbe gear, and 

the exact amount of wiok for the next batch of oandles drawn into 

position. 

The average machine is capable of turning out 360 oandles 
every 16 minutes (time varies according to the temperature of 
the oooling water). Some American machines are said to be capable 
of turning out as many os 800 oandles per lift. Coloured oandles are 
obtained by adding organie colouring matter to tbe wax when 
melted in the steam pan. Wicks are treated with ammonium nitrate 
to render them “ B«flf snaffing ’* and also to prevent smooldetii^ 
after the candle is extingniah^ 
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The anangeoieiit shown in the following illustration is suited 
to the distillation of Burma crude petroleum 

• 765 — 760)^ water white kerosene (s. g. — 
•810), yellow kerosene (bazar oil) (s. g. *840 — '845), — teproBentin^ 
70 per cent, of the crude oil. ■ 

PreAeatera.— The object of this apparatus is to preheat the raw 
crude by utilising the superheat of the vapours from the stilts, nud 
may be designed to distil 5 per cent, to 20 pet cent, from the oriule 
before entering the stills proper. 

SUUs . — ^These are six in number of 6,000 to 12,000 gallons ca|>,i- 
city connected in series. The crude oil enters from the ijrehcaf •rrs 
at the first still and flows through the last one, each still (lislilting 
ofi 8 to 10’ per cent. The residue from the last still is also ntilist’d 
to preheat the crude oil. These stills noay be fired with oil, gas, 
or coal and may or may not have steam blown in during distilln* 
tion. In the general arrangement shown for Burma crude oil, to obtain 
the products cited, the first three stills have a conunoii vapour 
pipe and the second three are similarly oomiected. The crude 
oil enters at the bottom of preheater Fj and ascends through the 
tubes, and is heated by the vapours from the stilts marked Ko. i, 
The crude oil then overflows to the bottom of Pg and asoeiuUng 
is heated by the vapours from stills marked No. 2, thenoo to tiiH 
bottom of Pg, in which it is heated by the residual oil flowing from 
the last still on the bench. Prom No. 3, the ctiule oil enters the 
first of the No. 1 stills. The throe preheaters have a eomnion 
vapour main through which the petrol and the portion of tho beiiKine 
have been evaporated. 

Atmospheric condensers.— The function of the atmoaphorio con- 
denser is to s^arate low-boiling point hydrocarbons from higher 
boiling point hydrocarbons as efficiently as possible, and the prin- 
ciple underlying theh design is that this can be bettor and more 
cheaply done by slow fractional condensation than by froctionul 
dist^lation, the latter being the usual method. By the fraotional 
distfllation method, the process is usually intemitim; by the 
atmospheric it is contmuous. 

The former method implies the evaporation of a given volume, 
of which, during the whole period of distillation, at least three-fourthn 
condenses and returns to the still, i.e., drastio cooling and reheating : 
the atmospheric method ke^ piootically the whole of the evaporated 
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hydrocarbon in the vapour phaise until it is purihed and leaves 
the system. The further theories underlying the atmospheric method 
advanced by the inventor v'ill be found in the specification for the 
EnglM patent. In the illustration it will bo seen that the mixed 
petrol and benzine vapours enter the atmospheric system at point 
a, from vrhich they travel to Oj, and in their course deposit the 
benzine. Petrol is obtained at a|. The benzine condensed u)i 
to final unit cascades bock to a, so tliat any petrol condensed in 
the last unit is re-evaporated by the hotter liquid in the firu unit 
at a. Tlie further course of the benzine at a will be explaiqpd later. 

The vapours, a mixture of white kerosene and benzine from the 
stiHs marked No. 1 pass through the body of No. 1 preheater, giving 
up excess heat to the crude oil, and enter the atmospherm system 
at point b, and travel through the intervening units bj, at which point 
pure benzine passes to the condenser The benzine which entered 
the petrol system, and which has run back to a, enters the benzine 
system at the unit and Bowing back to b is evaporated by the 
hot kerosene and proceeds to the condensers b,. 

The vapours from stills No. 2, a mixture of vdiite and yellow 
kerosene, paes vid preheater No. 2 and enter the atmospheric system 
at c. The yellow kerosene is condensed in the first two or three units 
and the white oil in the later ones. Any unoondensed vapours 
proceed to C(. If a high Bash point white kerosene is required 
and free steam can bo apjtlied at the unit at which the white oil 
is withdrawn, say. No. 4 or 6 in the section o to Oj, and in all the 
units from 4 or 6 to Cj the spirit thus obtained at Cg is a naphtha 
suitable for oommercial motors. 

Allan atmoiphsrios osn be applied to the distillation of the 
residual oil for the separation of heavy oil and paraffin* or to the 
blno^ oil stocks for the production of pale lubrioating oils, end 
results have been obtained equal in all reiqteots to the best high 
vacuum distillation. 

The advantages of atmospherics have been proved to be (1) 
low initial cost ‘of plant, (2) increased capacity of stills, (3) a con- 
tinuous and practically fool-proof prooeM, (4) uniformity d product, 
<5) lai^er yields of motor spirits to a given spedfication than any 
other plant, (6) minimum fnd oonaumption, lab^ and rq>ain. , 


SaepMoeN dlafprsn on page Sift 
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The Manufacture of Calcium Carbide, Calcium Cyanamide 
and Cyanides iii India. 

Bv Dr. L. L. Fermok, 

Geological Survey of India, 

I — In&foductory. 

None of these materials has yet been made in India. The e-xtrnt 
of the Indian cousumptiou is therefotc JntU- 
*** ' cated by the follo'vring figures for the live 

years 1912-13 to 1917-18:— 

Tablb 1. — Imports oi cahivm carbide from 1912 to 1912, 


Tear. 

Quantity. 

Valut'i 

Value ft>n. 








191243 . 


• ■ 


(i8r» 

iu,i;u 

I4T!» 
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• • • 
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14,474 
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191440 . 

* ■ • 

• 
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18,740 


191046 . 




UIB 

18,117 

1»'8I> 

191647 . 
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88,718 

8H"(t 

191748 . 



! 
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84,888 



TabIiB 2.— Imports of potassium cyanide from 1912 to 1918, 


Year. 

Quantity. 

Value. 

Value j>er ton. 

191243 . 

* • * 
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The requirements of the Eolar Gold Fields since the outbreak 
of u'ar have been met by the importation of sodium cj’anide, for 
which the following figures have been obtained: — 


Table 3.—Imj>orl8 of sodium cyanide hdo India {eaxluding CalcuUa) 

from 1913 to 1917, 



year. 


. Quantity. 

\'alue. 

I Viiluf 
‘ Iirr ton. 




Tow. 

i* 

i £ 

Wt 

1913-U a 

a 

- 

in 

i.S2I 

' S«>4t 

1014-15 a 

a 

> 


Mil 

n»->7 

1015-15 a 

a a a • 

1 a 

• its*# 


W liu 

loio-n a 

a a a « 

• 

. -Xtl 

ll,47h 



Table 4t.—dimporla of ealcivm eyawmide or nitrolim since 1912.* 



Year, • 



Qnibtitity. 

UfcMABiCS. 





Totia. 


1012 , 

a 


S 

13ft 

'Iho nvorajia mIq tirieo 
licforcir in thoKegine 

101» a 



a 

170 

ning i f iho war f. o* r. 
Caloiitia waa £13-33 

1014 . 

4 • « 


a 

270 


1016 a 

• • a 

• 

a 

1,400 


1016 a 

a a « 

a a 

e 

200 


1017 a 

« » a 

a • 

a 

VU 



The publish^ information concerning the methods of producing 
calcium carbide, calcium cyanamide, and cyanide is fairly extensive, 
but it is difficult to obtain infonua^n as to costs, and as to the mini- 
mum eoonomio scale of operations. Thus I am speaking at a guess 
when I suggest that whereas, judging from the style of plant neces- 
sary, it might possibly pay to erect a factory to produce only a few' 
thousand tons a year of oaldum carbide in a ndghbourhood where 


* Vigttns kiadly snpidM by Hems. Shaw, WtilsM sod Ose^paay, Caleatta. 
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very cheap dieictiic poorer was already available, e,g., neat alumina 
and almninium works, it would certainly not pay to undertake tho 
manufacture of caknum cyanamide on a scale sufSci^t only fof 
Indian demands. On the other hand, the manufacture of calcium 
cyanamide on a large scale seems to be a very profitable underteking 
and new factories, some of which are of very large size, are springing 
up in different parts of the world. Thus, the world’s production 
of cyanamide in 1914 is stated to have been some 300,000 ton!:i> 
Two of the largest- plants are those of the American Cyanamide 
Company, which consumes 24,000 H. F. and probably produces 
about 46,000 tons of cyanamide, and the Odda Works in Norway 
which is capable of producing, with a consumption of 20,0(Mi 
H. P., 30,000 tons of carbide for conversion into cyanamide.* 

Since the outbreak of war, there has been a great extension of 
cyanamide plants in both enemy and allied countries, the cyanamide 
being utilised for the manufacture of ammonia and nitric acid for 
use in the manufacture of explosives. 

If India is to undertake the manu&cture of cyanamide, the 
operations should, therefore, be planned on a scale large enough to 
satisfy her own requirements and leave a con^erable surplus 
available for export to surrounding countries, such as Java and 
Ceylon, where nitrogenous manure are of value to sugar plant cm 
and others; for, it must be remnnbered that calcium cyanamide 
is considered to be a dangerous rival of ammoniiim eulpl^to as a 
nite^enous manure. 

It would need an investigation into the possibilities of the markets 
of Java, Ceylon and Sumatra, etc., and into the future prospects of 
agricultural enlightenment in India to enable one to determine 
the possibilities of this industry. 

It'SSems possible, however, that a factory for the production of 
8,000 tons a year of cyanamide would not be too small to be economi- 
cally profitable, nor too large to find a market for the whole of its 
production, and in order to have a peg to hang our ideas upon, we 
may provisionally adopt this figure (see, however, footnote on p. ^3). 
The production of this quantity of cyanamide would, of course, 
require a corresponding increase in rite propcsed scale of manufacture 
of calcium carbide. As about 4,000 toits of 80 per cent, calcium 
carbide are required for the produotioh of 6,000 ions of calcium 


Mineral Indiuitiy, leil, page US. 
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cyanaxnide (nitrolim), a plant to piodooe 6,000, tons of oaibide 
annually would provide all the carbide required by the present 
Indian market with a margin for export to eastern oonntiies, as 
well as the carbide required for the manufacture of 5,000 tons of 
cyanamide. 

The smallness of the Indian consumption of cyanides, 260 to 450 
tons a year, would probably not operate as a hindrance to the manu.' 
Picture of cyanides in India, once oalciiun oyanaxnide was available, 
as there seems to be no reason why this operation diould not be 
carried out economically in electric furnaces of small sise. 

Besides cheap dectxic energy, the following raw materials would 
be required for these industries: — 
high*grade limestone for lime, 
a coal u free from ash and phosphorus as posable, 
atmospheric nitn^en, 

sodium diloiide (if sodium cyanide is to be made), and 
electrode, carboiui. 

If the electric energy is ter be generated from Mond gas, the 
consumption of fodi will be several tames the consumption of coal 
or coke used as redumng agent in the formation of calcium carbide. 
Whereas the fuel required fo» reduction purposes must be as free 
from ash as possible, coal of a very inferior quality can be utilised 
for the production of electric power. • It is obvious, therefore, that 
a works utilising power generat«l from coal must be situated on the 
coalfield ficom which fuel is to be obtained, and as any of the Indian 
coalfields can provide cheap low-grade coal, that coalfield thonld 
be selected which also contains or is near to a hig^-grade coal, low 
in ash, end deposits of bi{^-gtade limestone. 

. On this basis, two possible sites for the establishment of these 
industries suggest themaelTes. The fitat is one of the Oentcal Indian 
coalfields, where the local coal would be used for generation of 
electric power, and the limestone would be brouj^t from one of the 
well-known localittes in Central India or the Central Provinces. 
Most of the Central Indiair coals have high ash contents. Certain 
analyses of coals from the Sohagpur field suggest that a portion of 
the coals of that field may beof fa^ grade ; but the only trustworthy 
information we have of the existence of f^tHfiass coal in this part 
of lndiaxaferato .l£orea. If, therefois, the suggested works were to be 
ereeted ht this part of India, It would bo oenvenient to dhoose a site 
at or near Burhar on the ffohagpor ooalfidki. Burhat station is 
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only 22 from the point (Jaithari) from which a branch line 

to Korea State would start, if constructed. From Jaithari to the 
Eurasia fidd in Korea is about 50 miles. 

The second possible site would be on one of the ‘ Bengal ’ coal- 
fields, either the Eaniganj field because of the coal of fairly low ash 
contents there obtainable, or the Bokaro coalfield, if the power 
company wished to develop its own collieries. Power would be 
generated from second-class or third-class coal, first-class eoal 
would be used as a reducing agent, and a fairly pure limestone (95 
per cent. Ca CO,) would be obtained from the deposits owned by the 
Bisra Stone and Lime Company, Limited. 

In the previous edition of this handbook, in a joint papei' by 
Dr. Simonsen and myself, it is laid down that power for chemiciil 
industries in India ^ould be available at not more than 0*10 annas 
per k.w.hr. or £3*65 per k.w. yr., if these industries arc to stand 
competition. 

So far it has not been possible to devise a method of genera I lag 
power from Indian coal which would enable energy to be supplied 
to chemical works for less than £4-75 per k>w.yr. It is possibli?, 
however, that in the future hydro-electric installations may be 
devised, specially designed for electro-chemical and electro-metal- 
lurgical purposes, in which power may be obtainable at a figure 
approximating to £4 or 6 per k.w. yr. or even at £8*66 per k.w. yr. 
Consideration must therefore also be given to this posribility. 
Beviewing the distribution in India of high-grade coal, limestone, 
and water power, three other possibilities suggest themselves. Otic 
would be based on 'the utilisation of the very low-ash coal of Makum 
(2 to 3 per cent, ash) and the Sylhet limestone, which are situntod 
on opposite sides of, the Assam plateau. Their use would depend 
upon the discovery of a source of hydro-electric power on the south 
side of the Khasi Hills (or perhaps on the development cf one of the 
adjacent coalfields, such as the Daranggiri field). The Makum coal 
after conversion into coke would be brought by rail and water 
transport to Sylhet. 

The second possible site would be based on the utilisation of 
certain waterfalls in Bewa State in Central India, and one of the 
Central. Indian limestones, and probably coal from Korea (possibly 
from Sohagpur). 

Thirdly, we must also not overlook the possibility of the provision 
of sufficiently cheap power by a scheme in the Western Qhats with* 
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a» chemical works on the Koiikan coast. In this case the raw 
materials would be freighted from a distance to the source o£ 
)ower. 

Of the five possible combinations of electric power and raw- 
materials referred to above, one of the two schemes dependent on the 
generation of electricity by the use of (‘oal would be most quickly 
realisable, as the generation of hydro-clcctric pow’cr in India is often 
a lengthy process owing to the time occu])icd in building dams. 

Tliere are apparently ju> valkl patent rights protecting the process 
of making calcium carbide, but the further stages of converting 
carbide to cyanamidc and the latter to cyanides are w'ell protected, 
and probably much of the necessary jilant for all theso processes b;- 
covered by patents. 

Thus, although it \vill bcsi*eu from the sequel that in all probabi- 
lity the. manufacture <»f eahdum <!arbide. uiul eyananiide would jirove 
highly profitable, it would bo most desirable I o enlist, for the furtluT- 
anec of a project, some company or group already manufacturing 
these, products successfully, and iii this connection, mention shottid 
be made of the Nitrogen Products and Carbide (Jo., Ltd., a Jtritish 
Company, op<fraling at* Odda, N<irway, and All)y, Kwtulca, wdtli a 
prcjductiou of 88, (KK) i,ons of eyananiide a year. This eompuny 
claims to have at its disposal sutHeient water power for an output of 
2,000,0(M> tons of <*nulci (‘yannniide.* 

The great increase in the w'orld’s production of cyanamidc re?uh- 
ing from th<i war will pr<ibalily lead to wwere coinpeiitiun witli 
Chili saltpetre, with (mtting of prices. The pre-war price 4 if < bili 
saltpetre, of £11 to 12 a ton, may be forced down to £ti a tfm wdlb a 
ccirrespoiultng fall in the price of eyamunide (deduci^d from tlic 
relative nitrogen contents of the two products) from about- £M a 
ton to about £10. In such u struggle, it will obviously be udvun- 
tageouH for nji Indian cyanamidc company, to be friendly wdth one 
of the existing large cyanamidc coiupanit^s. 


n> Valciam Varhhk. 

This iH ntudt* Iiy lti>iiUtig a iiiixiun- of ({uickliine nittl 

coIiP, turn! <»r anttirudtc in wann forn* of elopirio, furnacu (arc or 
r<‘^i8tauc(•.). TIi« {iruportioiiH dcjioiul upon the purity of the Hn«; 


* Marlin niiil TinrlH-ur. { np- fli . 
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and coke, but may be treated as rot^bly 100 parts of lime to 70 
parts of coke.* 

The reaction is as follows : — 

CaO+3C=CaC,+CO-106, 350 calories, . 
and the temperature necessary for this reacticm is variously stated 
to be 1,600“C and over 2,000'’C., but the operation is actually carried 
out at about 3,000®C (one authority pves 3,300“C).f The carbide 
is, in some cases, tapped in the liquid condition and after cooling is 
ground in several stages, of which the later stages are performed in 
an atmosphere of nitrogen, in order to avoid the risk of liberation and 
detonation of acetylene gas. The furnaces are of a fairly siinjde 
construction and several diSerent designs have been tested, but they 
all depend for their construction upon fixebiicks, iron and clectnalc 
carbon, with sometimes magnesia. The only one of these materials 
that should present any serious difficulty in the case of a plant 
erected in India would be the dectrode carbon. This is a difficulty 
which will arise in all electro-metallurgical or dectroHchemical indu.<i- 
tries established in India. The carbon required in the present car^e 
need not doubtieas be of such high purity as that required in the 
manufacture of aluminium, but it would, nevertheless, probably 
be convenient if an industry for making carbides, etc., were located 
near the suggested aluminium works, as common arrangements 
might then be made for the manufactiue of eleotzode carbons. 

The coimumption of enei^ was determined especimentally by 
Bozchers on a small scale as 4*0 to 4*3 k.w.-hrB. pet kg. of carbide 
produced, equivalent to a production of 2*19 to 2*04 metricHons of 
carbide per k.w.-year,{ and the theoretical yield, assuming the 
temperature of reaction to be 3,000'’C, has been calculated to bo 
2*4 long tons pec k-w.-yr. In actual practice on an industrial scale 
in large wdl-managed works, the best yield is 2 tons per k.w.-yr. 
juttd the average has been about 88 cwts. per k.w.-yr.| 

In our calculations as to posribilities in India, we will adopt a 
fairly low figtrre, say, a production of 1*6 tons per k,w.‘yr. (■= 2 tons 
cyanamide). 

The limestone from which lime is produced must be as. pure a 
possible, and especially, must be free from phosphates. According 

• chaige for tlie prodvdiion of one toa of oufaide ii, In (me oate, itateU to bo 
.2,000 Iba. of luneetone and 1,200 Iba. of tmtluMiie. 

•f See Blozam, page 396 ; IlkcUn and Barbour, p. 61 ; Eerehaw, p. 70. 

{ Boibben and MaUUIao, p. 662> 

I Eenhaw, p. 642. 
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Table 6. — Analyses of Indian limestones containing 95 per cent. 
CaOO^ and over, compiled from mrious sources — contd. 


Locality. 



AI.O. 

+ 

Fe,0, 

S10«niid 

insolTi- 

bliiH. 

Other 
con-tl- 
tuuufo* 
loM, etc. 

Toval. I 

1 

! An.ily4. 

COEAL. 

|per cent. 

Per cent. 

Per cent. 

Per cent. 

Per 

IVr a*iil 


.Bellapui, Laccadive Islands* 

OS'S 

tr. 

0-7 

0-17 

oru. 

10(1*0 

A. Twecit. 

Eoobne. 








JRolirl, Sind (Khlrtliar*) , 

00'«4 


U-03 

1 0*33 


100*00 

Him Lul. 

'Sakbar, Sind* . 

00*20 

0-53 

0*28 

0*44 

OOaPaOa 

1 00*54 

Mahiidcti llitni. 

Tsetama, Eamrl Islands* . 

08-70 

0-68 

0-10 

0-01 

• • 

00*58 

1*. B. Itlytfi. 

•South of Bobri, Bind. 

0807 

0-43 

1-02 

0-l« ! 

i)'n*2.f 

PfO. 

100*32 

Malui«l(*o Rhiu. 

Chtfa moobh of Bogapanl,* 
Ehaala Hills. 

OB-60 

0 65 
((lift.) 

0*30 

0-55 

100*00 

tlira I.n1. 

Baumi, south of Saudoway 

00-4 

.. 

0*8 

2*8 

• • 

lOtl'O 

A. Twci*n. 

-aylhet LlmeBtone (Ehlrtbar) 

00-15 

1-57 

0*00 

0*70 

0-56 

100*00 

• ■ 

Ditto do. 

05-40 

1*81 

1-72 

0-58 

0*40 

100*00 

•- 

CKlIACBOUa. 








Xlb. Protheroepuri South 
.Andaman. 

00-46 

0-00 

■ « 

2-80 

VlAVo 

y 

100*00 

V, R. » tIH. 

Ufpbb JriBABSxa. 








71bal Bhlap, Adent - * 

08-8t 

9 9 

■ • 

0*4 

0*8 

100*0 

A* Tween. 

FBBXO-OABnOiniBBOVB AND 
OABBOBmBOUB. 








'Tonbo, Northern Shan 
States* 

00-40 

0-10 

0*30 

0*27 

-- 

100*81 

T. R. llJyth. 

^Mtto do. 

00-80 

0-10 

0-70 

0*80 

,, 

100 73 

T. R. Ittytb. 

'Moulmeln (sent from)* 

08-74 

0-71 

-• 

0-68 

tr» 

100*08 

A. Tween. 

^ampatlttg, Boithem Bban 
Sta^.* 

08-71 

o-oi 

0-43 

0-01 

*• 

100*00 

T. n. myth. 

tphaleidcooi Moulmelu* 

08-50 

1-05 

0-65 

0*20 

0-60 

100*80 

r. R. Mallet. 

'^thaton district 

07-48 

1-22 

0-40 

0-03 


100*07 

0. B. Fawrltt. 

Do. 

07-20 

2*36 

0-10 

0-31 

.. 

100*06 

0. S. Fawcltt. 

po- 

00-65 

2-03 

0-13 

0-82 

.. 

1 1(KH)2 

a. 8. Fawdit. 

•Ho-tm stream! Hortbem 
Bban States. 

06-00 

4-28 

0*36 

0-86 

•• 

lOO-OI 

T. R. Blyth. 


tho amount of wMt^b In Indian limestones pracUoally no i 
some 5 tlm Ard^nUmwtones, Whathm the llnustonos of Adon'and’: 
fto Bton^m's oriterla is douhtful, as the analyses are iiummplete. 
+IndlndeBteaoe4ofMgO.PUi6„Al,0„aaS P.O,, 


I IsUndipOOfiloroi 






The Manujaciure of Cnlcium (Jnrhide^ etc. 


233 


Tadle f5. — A 7 ialffS€S of Indian Ime^onen containing 95 per ceyU, 
CaCO^ and over, eompikd from various sources-^oncld. 


Loaility. 

1 

1 

M«tO, 

A1,0, 

+ 

Fc,o, ; 

SiOainfl 

iuolu- 

Other [ 
cnimti- { 

etc, 

J 

Total. 

Analyst., 

rp?K» Vl.StiHYAN, 

fit n>iit. 

l*or ei*nN 

IVr cfiiit.Ppr cent* 

Ptr c( iit.,r^'r wnt. 


SiLtnnwiirn, riwAllor Htntr . 

j p«*i«) 

1*51 

(Pi2 

0*30 

0*17 

100*00 

C. Sehnitan. 

MRlhiir, C(*ntral IndlA 

0 D‘rri 

l-7i 

0*0» 

M5 . 

0*11 

200*00 

C. Bchiiltcii. 

l^WKR VlKMIVAH. 




1 

i 




Katni. JiiMiulpitrt* niatrlrt 

0l*0A 


•• 

i-i8 ; 

Ir. 

80*42 

F. B. Mallet 

C'oiinAPAii. 






1 


WarilhA VAllpy <rnit|E«iigA) 

W« 


IS 

20 

tr. 

100*0 

A* Twrrn. 

IlAlpur nPRr ]il«rii, ORngpiir 


1'5? 

MI4 ^ 

< 

IM7 

n'34 

100*00 

*• 

AwrnMKn. 








EIpphAiit TrImuIi, Mrrg»l*. 

tpuro 

SU 

• > 

Aii 

.. 

» • 

B. J. Jonei. 

PalAVJiiiathRmt MmliirA* . 

«a*24 i 

0'48 

0 0« 

0*5I 

0*7 

CP. Ir.) 

1 

• • 1 

! 

J* Ik 8Iiih»imii« 

rindRlguilIt II * 

tt7*98 

I'QO 

0*37 

0*37 

Q-2B 
CP. tr.) 

100*00 

J. L. SImoBwn. 

ISUwAda, flkwilh WrMpnr . 

07'0« ! 

1*47 

U*3M 

IPMO 

.. 1 

100*B7 

K. B. MnlH. 

AnanUgW* VlttgApftUni • 


2*50 

(Pi» 

0*50 

]•. .va 

100*02 

J. t. SlniOBiifo* 

DodgMl RrMi Myton 

IW14 

*2^)2 

0*76 

0*87 

.. 

88*80 

My«nn( 

OroloRleal 

Department 

Ditto. 

fid'OS 

188 

0>55 

1*36 

•• 

lOtPll 

Myiiora 

nooloM 

Dtponmeot. 

F«lldBt|«dl» llMlltfA 

0ft*7S 

8*48 

0*15 

0*04 

0-31 
(P.tr.) j 

100*01 

i. tf BlmoiMea. 


siasi^aiawsirn-siss 


For carbon, oharooai, coal or coke may be need. Charcoal 
is f<n Tariouc reawnB to be avoided, and in nearly all the carbide 
factoriea of Bnrope, anthracite .from South Walea is used, and, 
aocozdtag to Bin^m, should not contain mote than 5 pet cent, 
of ash and OM pet cent, of phosphoms. Instead, coke oontuning 
np to 7| psc cent, ash and 0*04 pet cent, of pluMphocns may be used, 
axtd XnAa, if indigenous carbon is to be uai^ urhl prebaUy have to 
rdylAi coke. The beat Oondwana cokes show Vmsiderably hij^er 
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ash tphan the above figures, as may be judged from the following 
data supplied by Mr. E. W. Church : — 

No. of tnmjiei. Ash eoHtcvls 
Per cent. 

Giridili . • . . « 1 17*00 

Lodnfr ...... 1 12‘ti4 

Jhaila field 1 1 I5-60— 20 08 

Giridih coke averages 0*022 per cent.' phosphorus, and the first class 
Jharia cokes 0*06 to 0*12 per cent, phosphorus. 

MalmTn coal is, however, exceedingly low in ash (2*03 per cent, 
on 10 samples) and a coke prepared therefrom showed only 0*003 
per cent, phosphorus. It is possible, therefore, that a suitable 
coke might be prepared from coal from Makum or soino others of the 
Assam coalfields. If we exclude' the Assam coal, we are apptircnily 
fac4d in ' India with the following possibilities : — 

(1) We must be content to use high-ash ookos (or coal), with 

the production of a so|newhat low-grade oarbitlo. 

(2) We must use charcoal, combining our cacbido factory with 

one for wood distillation. 

(3) We must import anthracite from Wales. 

(4) We must make experiments in washing Qondwana coals 

in order to separate the bright from the dull layers. An 
experiment on coal from Barkui in the Poneh Valley 
gave the following result* ; — 

Ash eon/SHls, 

Per cent. 

Beaded ooal (largo sample) 21*01 

Bri^t laven (picked) 

Boll layera (picked) 

Bituminous coals, however, have also been used as such. Thus,, 
the Union Carbide .Company has used at the Niagara Falls, Pennsyl- 
vania, bituminous coal of the following oompOBition.t 

Per cent. 

* • . . 80*04 

* . . . 03*77 

* * , . . 10*80 

Toiat . IOU‘00 


VoleUle matter 
Blxed carbea . 
A s k • . 


* • 
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(This bituminous coal was mixed with lime aud agglomerated in 
a by-produot coke oven before charging into the electric furnaces.) 

We can, of course, obtain in India coal of as good quality as 
this {e.g,, in Korea and Baniganj), but coal of such high ash contents 
is not normally used. 

The chief uses of calcium carbide are — 

(1) for preparing acetylene, and 

(2) for making calcium cyanamide. 

The only quotations of prices 1 have been able to discover are 
the following* : — 


iMm 

i»oi- ton f. o. r* rojiTS. 

101)0 

Ill) »» pt tf 

looa 

*» •» »> 

TO^m 

JCU „ f. o. b. U. K. port>, 

ion 

iniflor £12 pc^r ton in )i!n^Mancl. 

im 

$70 to *15 por ton New York. 

im 



Conqiariiig thoHo figures with the values of the imported carbide, 
it seems probable that the pro<war price of caloiam carbide was 
about £12 to 13 pet ton in the United Kingdom or United States 
of America, and abodt £M‘5 at Indian ports, and wo may, perhaps, 
assume a post-W’ar price of £13-0 in India. 

I have referred above to a caloulatiun that oloctric power could 
be generated by the use of coal in Central India at u cost of £4*75 
per k.w.>yr. If we combine this figure with that adopted for the 
consumption of electricity for the production of carbide, viz., a 
production of 1*6 tons per k.w.*yr., the cost of energy pet ton of 
carbide produced works out at nearly £3. The difieienoe between a 
power cost of £3 and a selling prioo of £13*5 in India seems to allow 
ample margin for the other items of cost. 

We shall experience great difficulties if we try to draw up a definite 
scheme sj^lioable to India, because we have insufficient details 
on many points concorning established practice and concerning 
Indian materials and conditions, which latter, however, can be 
ascertained. 

Assuming, however, that our works were to be oreoted at Burhar 
in Rewa State, that the eleotrio energy was obtainable at a cost 


* Kenbsw, p. 77 f H.I., mi, p. IIS | MetaUnrgioia sad CbMpiwl Euefnewriug, XV, 
p. 71S. 
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of £4-76 per k-w.-yr., that tlie coal for reduction purposes was 
biou^t from Korea and the limestone from Maihar, the following 
shows the quantities and cost of energy and raw materials required 
for the production of 6,000 tons of calcium carbide per annum : — 


Eleotrio ^eigy 3,750 k.w.-yrs. © £4*75 
5,500 tons fiTBt-claBB Korea coal @ Bfl. 6-8-0*. 
4,711 tons Maihar lime @ Bs. ISf 
180 tons of electrode carbons © £15$. • 


, 17,812 

. 2,513 

. 4,083 

. 2,700 

£ 24,408 


01 £4*07 pet ton of carbide. 

The above quantity of coal (actually 5,765 tons) is calculated 
on the assumption that seam 4 of Eurasia with the following average 
analysis would be used {Mem. Q.8.I., ELI, p. 214) : — 



Per cent. 

Moisture 

8>86 

Volatile mattor 

30*82 

Eized carbon . 

48>80 

Asbi a W 

11*50 


Torati * 100*00 


Tbis coal is, of course, comparable in quality with the Pennsyl* 
vania coal mentioned above. But it is recognised that it is of much 
higher ash contents than is usual for carbide manufacture, and that 
it might prove necessary to bring the carbide coal from a distance. 
The Korea field is not yet served by a railway, but probably will 
be a few years hence. Until the 50 miles or so of railway to tho 
Kurasia field were constructed, it might be necessary to bring coal 
from a distance. 

It may happen, however, that on opening up the Soiiagpnr 
coalfield at Burhar, first-class coal will be discovered in quantity 


* Bb. S for pntehase ooat of ooel f. o. r. Kunuds tmd Bb. 1>8-0 for frefaltt 
t OoBt of lime based on laaeBtone at Bb. l-S-O f. o. r. at quany and ftelglit obnrso of 
Bs. a per ton. In praotioe, the Bmelting oompany vonld dbubueBB alteupt to aeuiiiro 
its own IfnuBtone q.nanieB. Bhonld any of the JECatnf limeRtone be obtainable suffidoiitly 
pure and Sobagpar eoal be nsable iutead of Korea ooal, tbe above ohaneB would be 
reduced. 

' t Itgnie adopted by Kngham. 
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sufficient for this scheme, for Iteadei* gives the following analyses 
of coal from this neighbourhood : — 




Amlei. 

i5okam 

(Son). 

Moisture 


6-2 

Nominal. 

Volatile matter 


22-2 

27-2 

Fixed carbon , 


57-2 

Ci-0 

Ash 


15*4 

110 


Total 

1000 

9S-8 


Judging from such analytical figures as are available concerning 
the limestones of Central India and the Central Provinces, that 
most suitable for our purpose is the Maihar limestone, which accord* 
ing to an analyses supplied by the Maihar Stone and Lime Co., Ltd., 
tuns : — 


CaCOa . 

06-03 

MgCO, . 

1-75 

AljOa-f* 

0-06 

SiOj, 

M5 

Loss « 

0-11 

Sulphur , 

• • 

Total 100-00 


With coal and limestone of the quality indicated, the resultant 
carbide would, if the conversion were complete, carry 83*4 per cent, 
of CaCg, the standard at which the carbide appears to bo marketed 
being 80 per cent. 

The value of tho C,000 tons of carbide at £13*5 a ton Lo.r. at the 
works would bo £81,000. Tho difference between this figure and 
the cost of tho energy and raw materials is so large that it seems 
probable that there would still be a considerable balance left over 
for distribution ns dividends after defraying the costs of working, 
depreciation of plant, and amortisation of capital. Somewhat similar 
figures could bo worked out for sites in Assam, the Bokaro 
coalfield, or tho West Coast of India. 

As an index to tho size of the units of plant adopted in at least 
one case, reference may be made to the works of the Amerioad 
Cyanamid Co„ at Niagara Falls, Ontario, where eight 20-ton 
8-phase electric furnaces consume 8,000 H. P. oaoh for the production 

«Ckm. Itep.G8>T for 18M-1900 p 71. 
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of calcium carbide.* Suob large furnaces urould probably work 
very economically and give 2 tons of carbide per k.w’.-yr., or IJ t ons 
pet H.P.-yr., or 4,600 tons eaoli. annually-i" ^ ^ ^ 

Working only with the efidoienoy assumed for Indian conditions of 
1-6 tons pet k.w.-yr., or 1*2 tons per H.P.>yt., one of these fiintaces 
would produce about 3,600 tons of carbide a year. Iwo fitriiaccB 
therefore of slightly smaller capacity would suit the siicgCNtcd 
Indian soheme.| 

It has been estimated that the capital cost of the plant vorjiiircd 
for this scheme, inclnding necessary power installation, would ha 
roughly as follows : — 

i: 

4,000 k.w. foBtelletion wikh by-product lecovcty . • « HW.lHSi 

Bleotrio faxaaee, grinding apparatus, buiklings, etc. . • 

VoVAt. . 


This is probably about the smallest installation that coiihl Ih» 
economically employed, and if a large enough morkot for ryananude 
could be assured, it would be better to design tho plant for a produc- 
tion of 10,000 tons of carbide. Tlie power installation is nMniiitad 
to be a portion of a larger scheme designed for oloctro-nudnlinigiral 
purposes. 

nil— -Colcitna CyamnMt. 

Calcium cyanamide may be produced cither by heating Ralciitm 
carbide in an atmosphere of nitrogen or by heating Itmo or chalk 
with charcoal in a current of air. The former method aeoma to lio 
the one generally adopted and in caiTying this out, there aro two 
chief methods. One is to raise the powdered earhide in retorts 
heated externally by gas to a temperature of 800* to 1,000*C., whilst 
a stream of nitrogen is forced into the retorts. This method sonma 
to h<r going out of use, chiefly for the reason that, the reaction 
between the carbide and nitrogen being exothermic, the fcomiwra- 
fcure, once the reaction has oommonood, rises rapidly and is difficult 
to control ; and, as the reaction is levorutblo at 1,400*C., tho jirodiict 
may contain less than the full quantity of oyanamide.§ 


* ?■' give# » plant of a eysnuoldii works, 

I wnl ol** indgi^ firm jp. 80 of 0. Bingbam’ s work, f«w ■inglo-phaM fumseos 

wobM ba suHabte, or battar aUll faniacra 
wquliud for the alnminfun fnduatry- 
S Martin aaO Baxboni, pp. 61-67 j Knox, pp. 88-l(», 
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The second method is to heat the crashed carbide in vertical 
retorts (holding 300 to 500 kg. each at the Odda Works) to a tempera* 
tare of 800°0. by means of carbon rods acting as an electrical resis- 
tance, whilst nitrogen gas is passed in itnder slight pressure. When 
the temporatiiro tends to rise too high, the electric current can be 
switched ofE and the temperature of 1,400^0 avoided. The reaction 
is as follows - 

CaCj-fNg*»CaCNj-fa 

The liberated carbon is in the form of graphite. The solid coke- 
like block of eynnaniidn is ground bito hii^ powder in an air-tight 
mill, after wlii<di it is stored in a large silo until required, when 
it is pncke<i in bags with a double lining an<l sent iiit<» commerce 
under the irnnie J»f uilrolhn, which contuinH 

OhC'N^ « . < rccnt.nifiopiiO* 

C*A(> 

Onrlion (AM grnpliito) « 1<| 

Vi’/*** AljOa 7 to H 

The nitroHm should be free front unchanged calcium carbide and 
free lime. 

The nitrogen re({uircd is prepared in tw'o ways. The older 
method depends upon pasaing air over hot copper, which relains tint 
oxygon as oxide of cojqier, whiuit is afterwards reduced to copper 
by means of water-gas. Tito mtwer lactliod, wliicli is being generaily 
adopted, is to liquefy air in a Linde or similar plant and separate 
the oxygon and nitrogen by fractional distillation. The nitrogen 
thus obtained is mainly used for converting the carbide into 
cyanamide ; but a certain proportion is requit^ for the final grind* 
tng of the carbide, as glready mentioned. 

^e reaction by which carbide is converted into cyanamide is 
an exothermic one, in consequence of which the energy consumed 
in converting carbide into cyanamide is much less than that required 
for the production of the carbide used. 

One statomont as to consumption o5 energy is that G to 7 k.w.-hrB. 
are required to fix one lb. of nitrogen as calcium cyanamide (includ- 
ing consumption of energy in making oalcium carbide).* This 
means la coiunimption of from 2,352 k.w.-hrs. to 2,744 k.w.hrB. 
per ton of cyanamide, which figures are eqqivalent to a production of 
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approamately to 3 tons per k.w.-yr. Acconling to another 
rtatement, two k.w.-yrs. ate required* to obtain one ton of nitrogen 
in tie form of nitrolim.* This is equivalent to a prodnrtioii of 2 -BO 
tons of cyanajnide per k.w.-yr. An average figure realised in prnotiee 
seems to be^ that one H.P.-yr. will produce two tons of caicinni 
wbide, equivalent to a production of 2*67 tons per k.w.-yr. Thus 
it is stated that in Norway 100,000 H.P. is being harnessed for the 
annual production of 200,000 tons of cyanamide.'}' 

If we acoe^ 2*67 tons per k.w.-yr. as a good average figure and 

compare this wi& the figure of 2 tons of carbide per k.w.*yr. {sa2*3 
tons of cyanamide) given above, it is seen that the consumption of 
energy ui the conversion of ^bide into cyanamidi) must ho very small, 
as would be expected. Since we arc considering tlic insfnllation 
of only a small plant, we must adopt a figure for the prcKlurtiim 
oyananude corresponding to the figure ndojitcd for cnrhi«i«. 
iwo tons of cyanamide are the equivalent of l-O tons of oarbidr. In 
adopt^ these two figures, we are not making any allowance for 
the relatively small amount of energy required to convert the carhiilo 
into cyanamide but as the final figure adopted is well below the 
average figure for cyanamide, this docs not matter. 

of oaergy for conversion of carbide Into 

hS^Jj ^ costofprmlucing caihide, 

bmuw no separate figures are available, and as 1 laive been uimhle 

Eurone of the inaiket prices for the cyanamide in 

awSSrl “• “for olesoly into the finnnciul 

^ “f® cyanamide. Ah, however, 

tons^f 


"• now modo to awml w» 
d,^,..tot m tt, .om. .la, tort tt, .ml, ,S «1 £t 

♦ Kewhav, p. 69, 

t *4 BMjonrirp, 61, 

t ««tm and Barbcmr, p, 72. 
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“fre need consider here is the process of manufaotnie from nitrolim. 
Where nitrolim is fused 'with carbonates or chlorides of sodium or 
potassium, the corresponding cyanide results. In practice, common 
salt is usually employed, the reaction being as follows : — 

CaCNa+C+2NaCI=CaCla+2NaCN, 

Nitrolim 

90 to 95 per cent, of the cyanamide being converted into cyanides. 
The product, containing 30 per cent, of NaCN,* can be used for 
gold extraction. There arc certain difficulties connected 'with this 
process due to the possibility of reconversion of calcium cyanide 
into nitrolim and of nitrolim into carbide. These difficulties oro 
slated to bavo been overcome by “using apxnopriatc appliances 
f(>r molting and cooling the materials,” and tho conversion of cyana- 
midu into tyanido is stated to be x>ractically quantitative.']’ 

1 f pure sotliiini cx'anido is required, the fused mixture is deooiu- 
posocl by acids and the liberated IICX absorbed in caustic soda. 
For tho purpose gold extraction, it ap^icars to be a matter of 
iiuUllercnce whotlkcr the metal of the cyanide is sodium or potassium, 
us tbe cyanide is really used for its CN contents. Tho figures of 
imports of polassiiun cyanide, and sodium cyanide shown on pages 224 
and 225, illustnitc tliis point, and during the war the sodium compound 
has been to a great extent substituted for the potassium compound. 

Ah no udvautuge, financial or ieclinical, is derived from using 
the potassium instead of the sodium salt for gold extraction, any 
cyanide made in India for this x^urpose should be tho sodium salt, 
and us a)*XHirently the mixture resulting from the fusion of nitrolim 
and salt is cfTcctive for gold extraction,']' it would probably be un- 
necessary to undertake the purification of tho cyanide, although 
this presents no technical difficulties, as long as precautions are 
taken to avoid the ciTccts of hydrocyanic acid on the workmen. 

Unless wo know tho average CN contents of the imported cya- 
nides, .we cannot toll how many tons of the above mixture would 
be required annually to satisfy the Indian consumption. The 
equivalent, however, of every hundred tons of 98 per cent. NaON 
would be some 330 tons of tho mixture (assuming it to contain 

* Ono «9iircp elvtfl ttic ns oqaivolcnt to 20 to 30 per cent. XGN { Uborel and 
Cbcmiciil Knifinpcrbia, XIII, 707. 
t Martin and Harbour, p, 78. 
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30 per cent. NaCN), requiring for its production the use of about 
157 tons of nitrolim ; so that the production of the equivalent of 
250 tons of NaCN annually would require the use of about 394 or, 
say, 400 tons of nitrolim. 

As with the manufacture of cyanamide, no definite scheme 
for the preparation of cyanide can be suggested owing to lack of 
information as to details. But the difference between the pre-war 
values of calcium carbide in India of £14*5 a ton and of potassium 
cyanide of £87 a ton is so large that it would probably pay to manufac- 
ture cyanide even on such a small scale as the equivalent of 250 
tons of 98 per cent. NaCN annually. 

Investigation may show that the gold mines of Sumatra also 
use cyanide, in whic^ case an attempt would naturally be made to 
supply this demand also. 

As a check on the value ascribed to the cyanide imported into 
India, mention may be made of the pre-war prices of 40 cents, a lb. 
ex vessel for cyanide imported into the United States m 1911, 
and of 15 cents, a lb. in Ontario, equivalgnt roughly to £05 and 
£70 a ton. The difference between these fibres and those for the 
Indian imports may be due partly to a difference in the average 
GN contents. 


V—&umimry. 

The foregoing note is the result of a preliminary investigation into 
the possibilities of manufacture in India of calcirim carbide, calcium 
cyanamide, and sodium cyanide. Lack of detailed information 
prevents the sotting forth of a definite scheme .showing costs and 
possible profits, except in the very approximate manner attempted 
at the end of this summary. But such figures as are available 
suggest that there would be a considerable margin of profit on the 
manufacture of calcium carbide in India, m consequence of which 
it would probably j>ay to manufacture not only all the carbide 
required in India, but also other products manu&cturcd &oni carbide, 
namely,* the impure caloiuta cyanamide known commercially as 
nitiol^, and sodium cyanide. It is thought, however, that the 
Indian consumption of these materials may not be sufficient to 
justify the installation of an economic imit of plant. Consequently, 
the proposal is m^e that the plant should be designed to produce 
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6,000 tons of carbide annually, wbicli would be disposed of as 
follows* : — 

9.000 tons calcixm carbide - 

1.000 tons for sale in India, 

1.000 tons for sale in Enstem Markets, 

4.000 tons for transference to the cyanamido factory yielding, 5,000 tons nitrolim 

to bo utilized as follows > 

6.000 tons nitrdlim — 

4.000 tons for sale aa manure in India, Cc^don, Java, Sumatra, etc. 

400 tons for eonversion to sodium cyanide. 

Four possible sites for such an industry are mentioned, two 
using cleolric power g<*aiortticd from Mond gas, and two using hydro- 
electric power. Th<'. site selected for investigation is Burhar in 
Bewa Slate. The production here of 6,000 tons of carbide annually 
by the use of electric power generated from Mond ges with recovery 
of ammonia us sulphatt*, would require : — 

i: 

Blectric energy^ 

4,0(K) k.w**yra til £4*75 per k.w%*yr. (from 24,000 tons low- • 
grades coat) 19,000 

pro&ueHtm nf corhtdr-— 

5,S00 tona of riraU'laFS Qoal at Ra, 0-8-0 .... 2,518 

4,711 Urns of lime at Hh. 10-0-0 4,083 

1 80 tons of alecirodo carbana at £15 2,700 

For prodvetien ofcymmfnidn^ 

1,700 tens of liquid nUrogon«-*coi»i of produc tion not known— 
original vaiao oi7 

Fur prodwtioH of ryawidc— 

431 tons of salt (duty free) at £1-5 approaimately . . 647 

Total • £28,648 


The quantity and approximate value of the products, annually, 
would be— 


£ 


2,000 tons of calciuiti oarbido (80 par cent. CaC|) at £]3'5 . 27,000 

4, COO iona nitrolim (20-22 per cent. N) at £12*2 . . . 55,1 20 

826 tone lodium cyanide mixture m> 250 tons KaCK at £70 . 17,500 


Total vali/is ov pnoDuors * £100,020 


* Judging from information recoivod since this note was written, the scale of opera- 
tioaa auggeated ia too small and ahould be at least twice as extensive. This would mean 
a greater reliance on export to commence with* 
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Above it was estimated veiy xoiighly tbat the power and carbide 
sections of the scheme wonM cost £184,000. It is very di£B.ciilt 
to obtain reliable information on such matters, but from a carefal 
analysis of the very imperfect data available, it seems likely that 
the capital outlay on the cyanamide and cyanide plants would be 
-about £60,000 and £6,000 respectively.* The total capital outlay 
required for the whole scheme would then be — 

£ 


Power plant « 10^,000 

Carbide plant 30,1*00 

Cyanamide plant ^ . 50,000 

C*yanide plant 5,000 


Total . £1 BO, 000 

On this basis the annual outlay would be roughly — 

£ 


Cost of energy 19,000 

Cost of matoriaJB 9,043 

Labour and adxniniatration . . . 11^,000 

Depreciation at 10 per cent, on £83,000 • 8,500 

Hepalrs and renewals at 3 per cent, on £85,000 3,550 

Pacliing in drums 2,000 tons of cai‘bide and 825 tons of cyanide 
mixture @ £1*5 per ton 4,S38 

Packing in bags 4,600 tons of nitrobm @ £0*5 per ton 2,: iOO 

Loss in dust (carbide) . • • • . 1,050 

Total wpskpitubv • £50,561 

Value of products ........ 100,020 

Therefore, profits . 

To this must be added 5 per oeut. interest on oapitel cost of 
power plant (£104,000) inoluded in cost of power , • 5,200 

Total TBom ^ £46,230 


The above figures show a profit of 48 per cent, on the capital 
cost of the chemical plant alone, or of 24 per cent, on the total 
cost of chemical and power plants. The data on which this estimate 
is based are admittedly inadequate, but the figures arc probably 
approsdmately of the right order, and the amount of profit shown 
leaves an ample margin for suc^ charges as interest on cost of 
acquisition .of land, for increased cost diould this enterprise be 

* The estimates of capital costs are presumed to be on a pre-war basla 
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uiidertakei\ uudet abnormal conditions, or for decrease in the value 
of the products after the \rar should there be cutting of prices 
due to over production in Europe. The figures, however, are suffi- 
ciently encouraging to show that the scheme outlined in this note 
is worthy of serious investigation by duly qualified people. 

In tffis note no consideration has been given to the further 
industries dependent upon nitrolini or calcium cyanamide as raw 
material, viz., the manufneturo of ammonia from cyanamide, with 
conversioai into nnmionium sulphate, nitrate or phosphate for use 
as fertilizers, and the further oxidation of ammonia to nitric acid 
by one of the Ostwald group of processes for the provision of the 
nitric acid required in such large quantities in the manufacture 
of explosives, amongst ivhich ammonium nitrate may be mmitioncd. 

liefore any such Kcheme as that outlined in this note can be 
carried out , wry careful consideration will have to lie -given to the 
competitive cflWts of umnionium sulphate obtained as a by-product 
from coke ovens, and via the Haber process. 

It is only nccc.'-'sary to make a jMissing reference to the iiuluslries 
de)i<>iident upon cheap KUi>plies of acetylene derivable from calcium 
carbide, such ns the tnanufaeiurc of acetic acid and acetone, and 
the use of the oxy-acciyletic flame for W'cldug, liquid oxygen suitable 
for this purpo.'-'M being obtained as a by-product in the manufac- 
ture of calcium cyanamide. 

iShould the scheme here outlined be subsequently supplemented 
by tlic plant necessary for the production of ammonia and nitric 
acid, we should be providing India with a very desirable Janus-liko 
or double-faced scheme capable of providing fertilisers in times of 
peace and explosives in times of war. 

The works cunsuUcd in preparing this note axe as follows:— 

(1) G. hlarlin and W\ Barbour : Industrial Hitrogen Com- 

pounds and Explosives, (1915). 

(2) J. Knox : The Fixation of Atmospheric Nitrogen, (1914). 

(.I) Bloxam’s Chemistry, Inorganic and Organic, (1918). 

(4) J. B. 0. Kershaw ; Electro-metallurgy, (1908). 

(5) H. Aloissan : The Electric Furnace, (1904). 

(0) W. Borchers and W. G. McUillan ; Electric Smelting and 
Eefining, (1904). 

(7) Ahdallurgical and Chemical Engineering. 

(8) The Eineral Industry. 

(9) C. Bingham : The Manufactuxe of Carbide of Calcium, (1916). 
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Paper Making in India. 

Bt M. J. Coqsweu., 

Controller, Printing, StaHoriery and Stamps, 

From the time that piklm leaves and biioh bark ceased to be 
used as vrcitiug soifaces, it is clear that manufactured paper of various 
kinds has been used in India. The Chinese are credited with making 
the earliest known paper. The Jifobomedans of Central Asia })Or- 
rowed the art from them, and with the Mahomedan invaders of 
India paper came. The “ Sayings of Mahomet ” (drea 866) are 
known to have been recorded on paper, but the oldest paper manu* 
script found in India dates from the first quarter of the thirteenth 
century. Thereafter, for many centuries, paper making by hand 
was a fairly flourishing industry in many parts of India, espcciully 
in the Punjab. The numbers of men employed in the industry 
were oonridecsble, as is shown by the fact that in all the principfil 
centres of manufacture arose separate villages or mbhallas called 
after the material. 

The hand-made industry survives to the present day and the 
. . methods employed are practically unchan^Ml, 

HaiKi.iiia<u patter. long-sliaped book in which the village 

hawia may be seen entering up his accounts is probably familiar 
to most of us. Bound ordinarily in a rough red cloth, its leaves 
arc of a coarse tough badami paper. Formerly raado mainly 
of old rags, and hemp and jute waste, the pipseut day 
aitiole consists largely of waste paper, repulped, and strengthened by 
an admixture of fresh fibre. The manufacture of this country paper 
at one time oonsti^ted a leading jail industry, and quite lately 
this form of labour has been re-introduced into certain jails. The 
work is carried on without the aid of any machinery of inu<l(‘rn 
invention. The fibres are cut by hand, are pounded by the aid of a 
lever worked by men’s feet, beaten and further disintegrated by thd* 
feet of men in sunken troughs, and then, when the pulp is ready for 
the makers, it is gathered in a hand mould or tray that is probably 
identical with that used by the very earliest paper makers. 
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In Etirope, the hand-made paper industry remains one of some 
importance and continues to produce the highest grade paper for 
account book and drawing purposes, but there is probably Uttle or 
no commercial futitre for its Indian brother. Ten years ago, Mr. 
Kirk in liis “Monograph on Paper Making in the Bombay Ihresi- 
dency ” declared that “ it is practically habit alone which has pre- 
vented the induHtr}' from dying out utterly. A few hanias still' use 
band-made paper, but only because they hesitate to break away 
front the customs of their fathers.*’ The intervening years, but 
for the war, wtiuld have hastened the process of decay, and though 
the high price of miusfaine-madc paper has given a temporary stiin- 
ulus to llte old methods, the effect is pro^bly no more enduring 
than that of a draught of oxyg(‘n to a dying man. 

The comiucreiu} fulunt of Indian piper lies with the machine. 

It was iit ]7ti8 that Louis Koherb invented 
ita IM‘per making machine, and in 

1803 Fourdrinier made his ffrst improved 
machine, which, in essentials, remains the standard to the present 
time. At an curiicr stage, however, machinery had to some extent 
entered into the o|M>iittionH of paper making, and in 1716 a paper 
mill on European lines was opened at tire Banish settlement of 
l^tanquebar in the Taiijoi'e district, mainly for the purpost; of sup- 
plying pi|ter to the printing ]>resH oixuied by the mission at that 
place. Aeeording to thu tlarsetteer, this press still nmiains, though 
liio ptrtrcr milt has long since disappared. 

Next, in 1811 or thcrcabouta, another mill on Kurojrean linoa 
was estahlisbed at 8«*ramp>re, in the Iloog^ly district of Bengali 
also in connection with missionary effort. Its product was obviously 
of a distinctive sort, siiici* to this day the Calcutta Stationery Office 
receives occasional drtniands for “Serampuw paper." Very little 
information is fortheoiuing regording this mill, but from the fact 
that the ehhapris, or moulds or sieves, uw‘d for the making of paper 
by hand, still ctwric from f^mmpore, 1 deduce that the paircr formerly 
made at that place was hand-made, though the organisation of 
methods assured a larger output of a paper with little variation in 
its characteristics. 

It is not until 1870 that wo have record of a mill for the produc- 
tion of maehine-maio paper. In that year, the Bally Paper Mills 
started with one machine. The company was floated in England, 
and for a ^considerable period it proved very successful. Other 
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T pAftTiinftH were added and eventually there were four. The maximum 
output of the mills at their prime was about 5,400 tons per annum. 
In 1906, these mills closed down ; two of the machines were taken 
over by the Titaghur Mills, and the other two were scrapped. 

In 1879, the Upper India Couper Paper Mill at Lucknow was 
established.. It started with one machine, and a second machine 
was added in 1894. Both machines continue to be in uso, though 
the older one has necessarily seen its best days. The maximum 
output of the mills is 3,300 tons a year, with a tendency to decrease 
as the machines grow more decrepit. 

In 1881, the Maharaja Scindia established a mill at Gwalior, with 
one machine. This enterprise has had a very chequered history. 
For a number of years the mill was closed down. It has recently 
been taken in'hand by Messrs. Balmer, Lawrie and Co., the Matwg* 
ing Agents of the Bengal Paper Mills, and can produce about 1,200 
tons of paper a year. 

In 1882, the Titaghur Paper Mills were floated os an Indian 
company. Starting with three machines, the company in 1902 
absorbed the Imperial Paper Mills at Eankinara and in 1905 added 
two machines from the defunct Bally Mills. There is now a total 
'of 8 machines working, with an output of roughly 18,000 tons of 
paper a year. 

Kext came the Deccan Paper llGUs' at Poona, a one-machine 
mill established in 1883, and producing about 1,000 tons of paper a 
yew. 

In 1890, the Bengal Paper Mills started at Banigungo with one 
machine. A second was added in 1892 and a third in 1900 ; and 
the total output is now some 7,000 tons per annum. 

la 1892, the Imperial Paper Mills, already referred to, were started. 
Three machines were put down and the buildings and equipment 
generally were considered to be thoroughly up to date. But the 
business never prospered, and in 1902 it was tal^ over oompleto by 
the Tita^ux Company. 

There axe also in Bombay itself two other paper mills. One 
at Girgaum has one old machine and is employed almost entirely 
in the making of heavy brown paper, which is utilised .for the manu- 
factore of rollers for ginning cotton. Another mill has been estab- 
lished in the last few years by Messrs. D. Padamjee & Sons. It 
is a break-away from the Deccan Mills, and has one machine. The 
water supply is obtained from the municipal mains. Wrapping 



papers form the principal portion of its output, but during tbe current 
year the proprietors have undertaken to make 350 tons of paper 
of various sorts for the Bombay Government. Again, at Surat, 
there is another small mill, but its condition is such as to make 
working very intermittent and its output is negligible. 

Finally at Punalur in Travancorc, there is one more small mill, 
with a machine of doubtful reliability, where brown wrapping paper 
is produced. It is all disposed of locally at high rates now, but under 
normal conditions there would not seem to be any remunerative 
market for its output, and indeed before the war the mill only worked 
spasmodicHlly. 

This completes the list of Indian paper mills, and it will be seen 
that the total output of all the mills that can be coasidcred seriously 
aggregates roughly 30,000 tons a year. The total demand for paper 
in the country is put at about 75,000 tons a year, so that very neatly 
two-thirds of the pre-war requirements had to be imported. 

Notwithstanding the fact that India undoubtedly produces an 
enormous variety of suitable paper-making materials, the existing 
Indian mills were consistently undersold before tbe war in many 
descriptions of finished paper, and further they made use of a great 
quantity- JKume 13,000 tons in the year 1913 — of imported wood 
pulp. The iiulustry was without question in a very shaky condition. 
The dividends of tbe Titaglmr Mills wore jhI for the three years 
1913-14-lfi, and tlunigb in the same years the Bengal Mills paid 6 
per cent, the capital had been written down from Es. 100 per share to 
Es. 26. The Couper Fapor Mills paid dividends, but put practically 
nothing to depreciation or renewal account, and the Pootui Mills 
'also were taking the last ounce out of their machinery, with no provi- 
sion for the future. 

And so, despite the fact that for a number of years juist Govem- 
. , ment hail been conducting investigations as to 

***** * ' the utilisation of new fibres, and sj^mlly 

bamboo and wooil pulp, no really practical advance in the 
commercial exploitation of India's great natural resources had 
been made. Concessions were applied for and sometimes granted ; 
schemes for the pulping of bamboo, hath, spmee, bagasse, hemp 
stalks, and at least eighteen varieties of savannah grasses were 
examined and debated; but tbe only visible results that came 
to my notice in fourteen years were a small book printed on 
paper made from bamboo, bmbodying the results of Sindall’s 
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“ Enquiry into Bamboo in Burma,” a few sheets of paper representing 
the results of trials with bamboo in the Titaghur Mills, and the 
laboratory samples produced as the outcome of Mr. Raitt’s work 
at the Allahabad Exhibition and at Dehra Dun. For the rest, the 
grass variously known as sabai, baib or bhabar {Ischncmum augmli- 
foUum), with a stiffening of imported chemical wood pulp, continued 
to be the staple material used for better cla.ss papers in the Titaghur, 
Bengal and Lucknow Mills ; and cotton rags with a yet larger 
admixture of wood pulp made the Foona paper ; the lower classed 
in all the mills hoing composed of waste paper, grass, jute and hemp 
waste, with a liberal dose of china clay to fill up the cracks. Capital 
was shy of pre-war prospects in the Indian paper trade. 

With the progress of the war, the consequent difficulties of obtain* 
ing wood pulp from Europe drove the Indian 
Btfwfa ol t he war axiA incmased use of sabai grass, and 

* ‘ simultaneously directed yet more attention 

to the other available raw materials; whilst the higher prices 
obtained for their products enabled the principal Indian companies 
to make provision for extensive refitting of their mills, so that aflor 
the war they might be better qualified to meet rcnowetl oompolition 
with European makers, as well as the comptstition with Araco'ica 
and Japan, which has grown since the war began. But even when 
the Indian Paper Mills are fitted with up-to-date machinery, econo- 
mical power, and all available means of utili.sing waste products, 
much will seem to depend upon the extent to which associated 
industries are developed in India. Whatever raw materials may 
bo used— -whether grass or wood or rags— they all require to bo, 
chemically treated before they can produce j)aper. Up to now, 
bleaching powder, caustic soda, rosin for sixing, china clay and 
aluminoferric have all been impoited, as have been also the colours 
used for toning while papers and dyeing coloured papers. Of late 
years, some us(> has been made of the rosin produced at the Ooveru- 
nient distilleries, and there are now prospects of china clay being 
produced on a commercial scale in India. Tito use of the electro- 
lytic method of bleaching is also praoticahic. With a wealth of 
fibres to draw upon and with an adequate local sup}»ly of chemicals 
at a reasonable price, India certainly ought to he in a ]>osition not 
only to pinducc the whole of her own requirements of ordinary paper, 
but a’so to become one of the greaj! pulp exporte-s. That some 
measure of protection would be required un^ these nascent industry 
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developments attained strength is probable ; but whether that 
protection ^411 be forthcoming is a matter on which I am not hi a 
position to speak. 

The war has stimulated the manufacture of certain descriptions 
^ , , , , ^ , of paper formerly imported. For example, 

the thin bank paper used for typewriting is 
now produced by both the Titaghur and Bengal Mills. So is the 
soft-sized impression paper for use with duplica1.ing machine.s. 
Medical anxieties for the aolcliei*s' health led to enquiries as to 
the production of special latrine jiaper in India. ITiis is elscwhcro a 
specialised ninnufaeturo, and no facilities exist for the production 
of an article exactly similar to that commonly used in Europe 
and America. But a thin hadanii i>aper is expected to serve the 
same pur];K)He, and large quantities of this are being made in 
Indian mills. 

Wax paper is another Hp4*ciai line, outside the activities of tlie 
oniinary paper mill. CJigcnt demands for increused supplies of 
this clasH of |>aper rcsulte<l in the production of a quite satisfactory 
sunqile by an Indian firm in Calcutta, and extensive orders have 
been placed with them. 

I luive not yet found it possible to obbiin a satisfactory carbon 
pttiH»r of Indian make. From tiuns to time, sp4!cimeiH which ])roraise 
W’cll have been subinittiwl to me by Indian firms, but in every case 
it has been f<iun<l that bulk supplies am oily, i)adly coated and 
exceedingly “ messy.” There is a good ♦qMsniiig for a [Kiper of 
Ruitable quality at a reasonable, prices ami 1 imdcrsiand that a 
Euro])i*aiJ firm in Calcutta has plans on foot lor producing it. 

Diilitntliies in r(*gard to ^niper in England thntatencHl to interfere 
with the supply of jnwtcaids to India. Thereupon the Indian mills 
produced n suitable board, and arrangements were imule for printing 
the cawls at the. Ooverninent PjNiHs, No leas than sixty-threo 
millions of tlies*? cai'd.s have bi*eii prervided for. 

Though an advance has been made in the output of manufactured 
stutioiu?ry writing jiajicr, envelopes, etc;.,— it 
probable that for some years to comti the 

* " liner qualities of writing papers, ^ud sjiocial 

Irawing and printing papers, will continue to be imported. But 
there are other directions in which openings oiler fur the further 
levelopment of the Indian paper-making trade. Large quantities 
of strawbourds, used for book binding, were formerly impoi^ from 

u 
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Holland and other European countries. Since the war, trade with 
Japan in this conunodity has vastly increased, and 1 have had to 
place the whole oi my demands on Government account in that 
country. There is no real reason why the boards should not be 
made in India. Some years ago — ^in 1906 — a company for the 
manufacture of boards was started under the management of Messrs. 
F. W. Hmlgers and Co., who also manage the Titaghur Paper Mills. 
Machinery was installed, and the sample boards produced gave 
good promise. But it would seem that appliances which gave 
good results in Europe retjuired to be supplemented in India under 
different climatio conditions, and specially in he humid atmosphere 
of Calcutta in the rains. At all events, the working of the new 
factory did not prove a success. In the then condition of the paper- 
making trade, as a whole, there was no inclination to throw good 
money after bad in further experiment : the mill shut down in 1910, 
and the company liquidated. 

Paste or pulp board for the manufacture of railway tickets and 
other like purposes is another fertile field now lying lallow. The making 
of pasteboards, with a stiff inner sheet and thinner paper pasted by 
hand on either side, is an old and well tried method. Formerly, 
large quantities of such pasteboards were bought by the Stationery 
Office for makiag labels for goods wagons, but for some years now 
they have been di^laced by pulp boards, made in the Indian mills, 
These are in reality only a speda^ stout paper, made on the ordinary 
paper-making machine. They appear to be insufficiently stiff and 
insufficiently regular in make to suit the requirements of the railway 
ticket-printing machines, and it is understood that the North Western 
Hallway Press is, now again making ordinary pasteboards for rail- 
way tickets. There are, however, prospects of the production in 
India of strawboards and machine-made pasteboard of European 
quality at a comparativtiy early date, when these make-shift hand- 
made pasteboards will probably follow hand-made papei. into 
desuetude. 

There is just one other point that deserves mention before this 
brief sketch cbses. Before the war, the selling price of Indian- 
made- papers was coDiWled solely by the price at which imported 
papers could be sold. Since the 'vjpr, comment has been made upon the 
fact' that the Indian paper mills ^ve made large profits. It is the 
fact that they have done so ; but it is equally the fact that most of 
the otdinaiy sorts of paper in England have, cost consumers from 
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half as much again to doable the price at urhich they have been 
procurable in India. By the aid of the Indian mills, the armies 
in India, in Mesopotamia, and to some extent in Bgypt have been 
kept supplied vith paper and forms ; the wants of the civil adminis- 
tration in India and in some of the further East colonies have been 
met ; and, though the private purchaser in this country has had his 
difficulties, all essential publications have been maintained without 
broak. 
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The Paint and Allied Industries in India. 


By N. Bbodib, 

Chemist, Goveruinent Test House, Alipvr, 


ComiHisttloii of paint. 


The nsefnincss of paint wlum applied tu Btructtires depends nii 
the oxidation of linseed (dl, when exposed to 
the air in thin films, to uu clastic eont, 
which, reinforced by approjtriate finely divided solids, known as 
pigments, forms a valuable protective, and incidentally dccorutivc, 
covering. The mixttu'e of pigment, an<l litisoed «»il in the host 
propoitions, being usually too thick for application, is diluted 
with volatile liquids, such as turpentine, known as thinners.'* 

A varnish contains no pigment, and the necessary strengthening 
of the film is attained by the incorporation of hard resms, usually 
copals. A varnish film is thus not only transparent but hard 
and lustrous. 

The manufacture of paint, varnish and painters’ materials, viz., 
the necessary pigments, oil and thitiners, forms an important group 
of industries. Some of these are entirely unrepresented in India, 
some are m a more or less expenmcntal stage, while others ate well 
established. Probably none, however, has reached the duvelopiucnt 
that the country's resources justify and which may bo anticipated 
ill the future. 

Unfortimatoly, no figures am available for the value of Indian 
manufactures. The values of general imports of {mint and painters' 
materials during the last five years wore as follows : — 

Imports of paints and painterd materials into India from 1913 to 1918. 


yi»ar. 


101344 , 
101445 . 
101546 . 
101047 . 
101746 . 


. f 


Vuluo. 


£ 

546»860 

603,051 

641410 

706,340 

644*854 
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The recent incieafle in the value of imports is due to greatly en- 
hanced prices, as the quantities imported are much less than in 
pre-war times. For example, the average price of red and white 
lead, which are grouped together for statistical purposes, has risen 
from about £21 per ton in 1913-14 to £05 in 1917-18. ^Ite imports 
include, besides those materials which have not so for successfully 
been manufactured in India, many wliioh are made in the country. 
They also include large quantities of ready-made paints, most 
of which could more advantageously be made in India. 

It will be convcniint to consider first the position of India 


Raw materials : olL 
in ]>anit nia icing as 


with regard to paint materials. The most 
important of thc.sn is linseed oil, which is used 
“ raw,” “ refined ” or “ boiled ” oil. The raw 


oil is obtained by pressing finx seed, wIiicIl is grown in several 
parts of India. A large jyroptjrtion of the seed is exported to 
Furope and pressed tbore, the residue or “ cake ” being sold as 
cattle food. The cake amotints to over seventy per cent, of the 
original seed and, as there is little sale for it in India and it 
must therefore be shipped to Etvopo if it is to find a market, 
the advantage that the Indian manufacturer would otherwiso have is 
naturally diminished. Nevertheless, a very flourislung oil-pressing trade 
has grown u]>, os have also the more technically difficxilt operations of 
refining ami lioiling. Refined oil is a partially bleached oil, which 
is UHOtl in white paint, and is uswdly prepared by treating raw oil 
with sul]>lturio acid. Boiled oil is prepared by heating raw or 
refined oil with small quantities of “driers,” usually lead and 
manganese compounds, whereby it becomes not only much more 
rapid in drying but gives a harder film. 

Indian raw oil is goncrtdly of good quality and is probably 
on tho average better than imported oil. The quality of boiled 
oil is, however, a more important matter and this is rather variable. 
That of the best makers compares favourably with imported oil, 
but there is also much inferior oil on the market. On the whole. 


however, tho industry may bo consklored to be in a satisfactory 
condition and thoro is certainly no need to use imported oil. 
Turpentine is obtained by the distillation of the resinous sub- 


Tatpmttae. 


stance exuded by certain kinds of pine, the 
residue being rosin. The tuipentine of different 


countries varies according to the species of pine ixom which it is 


produced, and Indian turpentine cannot bo considered to be quite 
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as good as American, which is the most important variety. 
First-grade Indian turpentine, which forms much the greatest 
portion of the output, appears, however, to be suitable for paint 
and varnish making. The lower grades have their uses but are 
unsuitable for general purposes. Their indiscriminate employment 
bas probably earned for Indian turpentine a reputation below its 
merits. 

The turpentine industry* in India is of quite recent origin.' 
In 1900-01 the production was only 1,600 gallons increasing to 29.000 
gallons in 1910 and about 120,000 gallons in 1916-17. The iin- 
exploited sources of tui'pentinc in India arc considerable and, as 
the production in other countries seems to be increasingly incapable- 
of meeting the demand, India may eventually become an exporting 
country. At present, however, the production does note equal 
the demand and no doubt importation will be ncce.ssaTy for some 
time to come. The increasing use of turpentine substitutes may 
help towards a better balance ^tween production and consumption. 

Turpentine substitutes are generally petroleum distillates with a 
range of distillation approximating to that of turpentine. It may 
completely replace turpentine in ordinary paint, but in the mnnu* 
facturc of varnish it must be' mixed with real turpentiius. Several 
brands are made in India and the output could doubtless be inerttased 
indefinitely to meet the demand. 

The natural pigments found in India are barytes, ochres and 

certain kinds of red oxide ; also a few minerals, 

* such as china clay, which are occasionally used 

in paint, and gypsum, the use of which is rather undesirable than 
uncommon. Many bther minerals have been suggested and some- 
times used locally as pigments, but they arc generally ill adapted 
to the purpose and make very poor paints. 

Barytes, which is found in the Madras Presidency, Hajputaua, 
Ohota Nagpur and the Central Pirovinccs, is the natural form of 
baiiqm sulphate. It is a white, transparent intbstance oharactorised 
by its unalterability. It is used not only in white paint, to which 
in moderate quantities it gives, increased permanence, but as the 
base of many coloured paints. As it is, at least according to English 
practioe, a constituent, often a very large constituent, of most 
paints, its occurrence in India is a matter of some importance. 


* Bee page 376 
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Yollow and red ochres of goed quality are found in the jECatni 
district. Inferior ochres and certain kinds of red oxide occur 
in various parts of India. The Indian red oxides that have so far 
been found are, although quite good in otlior respects, of poor 
colour and therefore of limited usefulness. The best natural red 
oxide comfs from the Persian Oulf and is imported in its crude 
state into India. This importation urill probably continue, until 
artificial red oxide, which is a by-product of several industries, 
is produced in India. 

The various depomts of ochres, red oxides and other ferruginous 
minerals have received more attention than their importance merits. 
The demand for ochres is not very large and some quite good mines 
ap[>ear to be unvrorkrd. The value of these materials in their 
crude state is small, and the greater part of their cost is due to the 
expense of tho grinding and levigating required reduce them to 
the necessary degree of fineness. Many country products, popular 
as substitutes for more conventional jtignients because of their 
cheapness, arc cheap merely because this treatment has been 
omitted, and they arc used in such a coarse state that they neces- 
sarily produce poor paint. They arc frequently so hard that 
proper grinding and levigating would cause them to be much more 
expensive than the pigments they arc supposed to replace. SSome.- 
times their chemical composition is such that good results cannot 
be expected, and frequently they are of poor colour or lacking in 
capacity. The immediate need, therefore, is not the tUscovery of 
fresh deposits, still less experimenting with new materials, but 
more machinery and skilled labour to utilize present resources. 

Sieuna and umber ore not found in India, but these pigments 
although useful are not required in large quantities, and their 
alsscnce is not a noattes of importance. It is more to be regretted 
that no cbalk deposits suitable for making whiting appear to be 
known. 

The most important of the artificial pigments is white lead.* 
This has so fax not been manufactured in India, although the feasi- 
bility of making it has frequently been considered. Attempts to 
make red lead have, however, been miccessful and a good quality, 
probably better tlian tho average of the red lead previously imported, 
has recently been placed on the market. As the only material 


*8oe]>iige 113. 



258 


Indian Munitions Board Handbook. 


required for the manufacture of red lead is metallic lead, which 
is produced in Burma, there seems no reason why India should not, 
after a time, be independent of imported red lead. Another lead 
pigment, which might be made in India, or, more probably, Burma, 
is the so-called “ sublimed white lead.” This comparatively new 
pigment is essentially basic lead sulphate, real white lead being 
basic lead carbonate. It is prepared directly from galena (natural 
lead sulphide) by the volatilisation and oxidation of the ore. {It 
is therefore a cheap pigment, and, as it has proved very successful 
in America, itjs manufacture here is worth consideration. It has, 
however, so far not been ^ven a proper trial under Indian condi- 
tions and therefore only a tentative suggestion as to its manufac- 
ture can legitimately be made. 

The manufacture of zinc white (rdne oxide) has been considered, 
but, as it is mde by the direct oxidation of metallic zinc, it is 
usually manufactured in zinc-producing countries. Its ntanu&c- 
ture in India from imported zinc appears to offer little advantage, 
but as the refining of zinc concentrates from Burma is likely to be 
developed in the near future, the manufacture of this and other 
zino pigments may become possible. 

The various lead chromes, which arc yellow and orange i»g- 
ments, axe all made in India, as is Prussian blue and also, naturally, 
the mixtures of chromes and Prussian blue that form the important 
Brunswick and chrome greens. Chromium oxide green (which is 
quite different from chrome green) is also made. In these cases, 
imported chemicals are usually used, but no doubt this will be 
amended in the future. Of other pigments, lamp black may 
shortly be made in India, but there seems little prospect of the 
manufactuTc of ultra-marine. Some pgments of minor importance 
could readily be manufactured in India, were the demand suffi- 
oi^t. 

It will bo seen from this summary that Indian products include 
all that is necessary for the vehicles of ordinary 
mineral resources and established 
manufactures' provide all the pigments neces- 
sary for some few paints and a largo proportion of the pig- 
ments in other oases. Those pigments which soon unlikely to be 
made in India are, by reason of thdt oompatatively small con- 
sumption, of no great importance and, if the projected new manu- 
factuzes, particularly that of white lead, come into sucoeesfol 
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operation, India can become almost independent of imported mate- 
jials. Even in the event of our reverting as regards paint materials 
to pre-war conditions, our dependence on imports is probably less 
tba}i is tbe case with British inamifactiirers. and the balance of 
advantage is decidedly in favour of making the majority of paints 
in India. The. imjiortancc of studj'iiig local conditions and the 
convenience of ready CMmiininication between manufacturers and 
consumers cannot he ignored and, other things Ijeing equal, it is 
for these reasons of the g«*atest. advantage that paints, except of 
the simplest chanieter, should Is* made in the eountiy in which 
they a«‘ to be used. 

The aetual process of jatint making calls for little, comment. 
In ptlrmiple., it is mewly l,he thorough grinding and incorporation 
of the pigments with oil and the sulhsequeiit mixing of the stiff 
paint so ]»rodueed witli the iiecessuiy «til and t.hinners, its suc- 
<s<>ssfttl np'mtion is a matter of nderpiate machinery and skiihd 
lahotii. ITiifortunatcIy, it cannot be said that all Indian factories 
fulfil these eunditiouK, and sfuiie uppi'ar consistently to turn out 
pof»r jjttint. The. miftmnmihle impression naturally produced has 
undoubtedly re-acted on those ‘whose products are satisfactory and, 
in some cjmcs, has eau.sed it tola; thought that good paint cannot 
be prmlucMl in India. It, however, hardly aifects the general 
cpiestiou and those who are pnqmred to take, prttpet precautions 
in buying and to jitiy a rea.souabIe. price cun, iii normal times, get 
what they want ; while, under war csonditions, the best Indian* 
made paint has shown a nwrked superiority over that imported. 
This is largely due to the exceptionally favourable position as 
K'gards sitpidies of liusced oil. 


Varnish. 

Ccqud vantish is the most important kind of varnish and is 
sold under such numos as “ cojial,” “ body," “ carriage," “ oak," etc., 
varnisbes. (iold siae is also a varidy of copid varnish. (k>pal 
is a general term c<»vcriug the majority of the hard vamish-makiiig 
resins. 'J*he grading is complicated but the best, that is the 
hardest, varieties come from Africa. Most of the varnish sold 
in India is made from copid imported from Singapore. This is 
one of the softer resins and gives a, varnish of medhun quality. 
Varnish usually contains about 20 per cent, of copal, the other 
materials being linseed oil, turpentine and turpentine BubsUtute. 
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As the latter are all obtained in India the position is exceptionally 
favourable, particularly compared with that of the English makers,, 
who have to import all their materials. The plant required could 
readily be produced and the general principle of varnish making 
is simple; nevertheless, considerable difficulties are to be expected 
in any attempt to make high-class varnish, such as would satisfy 
the railways. The method of varnish making, in outline, consists 
of melting the copal and afterwards adding the linseed oil and 
driers. When solution is complete, the mixture is allowed to 
cool and the thinncrs added cautiously during the cooling. The 
actual details of the operations are entirely a matter of prolonged 
practical experience, and the manipulation of varnish nccc.sBitatPS 
a proper supply of skilled labour, It will be a matter for regret 
if the industry does not become established in India, but it is not 
one to be undertaken lightly. 

Cheap varnishes arc made largely from rosin and range from a 
simple solution of the rosin in^ a petroleum distillate to compfex 
mixtures containing tang oil, etc. The simpler rosin varnishes are 
made in India, and some of them have a legitimate application for 
certain special purposes. The comparatively modem lung oil pre- 
parations which, as far as is known, are not made in India, are the 
beat rosin varnishes for general use. They are not, however, an 
adequattueubstitute for copal vamisb and stand exposure poorly. 

Spirit '^misheg made from shellac include '‘shellac varnish,” 
“knotting,” “!E^eh polish,” etc. They are essentially solutions 
of shellac in spirit and therefore, as India is the principal shellac 
producing country, can advantageously be made in the country* 
Lacquers are also varieties of shellac varnish but ap^iour to 
usually imported, although there is apparently no essential reason 
why they should not be made in India. 
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The Manufacture of Glass in India. 


Mv AWREn CllATTKIlTON*, F.C.(i.T., C'.I.K. 

Th« art of glaHs niakinj' rfafh<'»l a Uij;U of i«'rf»'ctioii in 

the tiincH of the early Koiuan Kiiiiter«»rH ; hut 
«o equivuletit HtninltaueotiH (levelo|utieut has 
been traced in India, although what he ternia ‘ Indian glasH ’ ia 
mentioned hy I’liny an being of superior quality, which he attributes 
to its manufacture from ciystais. Archseological explorations in 
India, have resulted in the discovery of a number of small glass 
vessels ; but sueh relics arc crude specimens of a very primitive 
industry. Whether they went made near the sites in which they 
have been found or whether they were i»rought from a distance, is not 
known. No traces survive <»f an aiieient Indian glass iiidustry in 
India, and ail that is e(>rtuin is that in the Hi.xtecnth century’ it 
existed as an established industry which had not advanced beyond 
the stage of producing a very inferior material, utilised almost 
entirely for the manufacture of bangles and, to a very limited 
extent, for small bottles to hold perfumes and for fiaska in which 
to store Ganges water. The demand for glass bangles mu, and 
still is, almost universal, and the industry was carried on in many 
places ; but nowhere eUd it rise above the dead-level of inferiority 
just described. 

Buchanan, in bis journey from Madras through Mysore at tiie 
beginning of the nineteenth century, in reference to the industry 
at Muteodn, graphically depicts the state reached in the art of glass 
making at that time. After describing the processes employed and 
the results obtuned, he says, “ The glass maker’s fnrn^ here is 
rather better than that of Chenna-pattana ; but still it is extremely 
crude. The maaufaoturen say that when the army of Lord 
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•CoiQTrallis left SexiBgapatam, tl ^7 gathered with much ptdns a 
nxunber of broken bottlee, which they found where he had encamped. 
'These they thought a treasure; but, after having been at the 
expense of brining the bottles to Muteodu, they found that their 
furnace was not sufficiently strong to liquify !Eiuxopean gloss. The 
bottles were then reduced to powder and mixed with alkali, but 
these materials produced only a useless white mass. Our gloss, 
therefore, is considered by them as useless as our east iron ; for 
neither of these substances axe in a state upon which the fires of 
the natives have any effect.” 


The manufacture of glass and glass articles in modern factories 


Modem rasnufaetiire. 


in India is only a quarter of a century old. 
Between 1892 and 1900, five glass factories 


w^e established, of which two were Indian concerns which did 


not long survivo. The remaining three were under £uroix>an 
management assisted by men brought out from glass works in 
Europe, and two of t^ factories were well equipped with large 
modem smelting furnaces and plant and are believed to have 
been amply supplied with capital. The first, established about 
1892, closed in 1899 ; the second, worked from 1898 to 1902, and the 
third opened in 1900 and failed in 1906. A final effort on the part 
of Europeans was made in Madras in 1909 ; but after about three 
years’ work, the company was compelled to cease operations and 
finally went into voluntary liquidation. The industry seems to 
have had a peculiar fascination for Indians, who widcterred by 
the failures of comparatively largo concerns nm by Europeans, 
started 16 glass factories on a smaller scale between the years 1906 
.and 1913. In some instances, they obtained assistance from the 
European trained glass workers who elected to remain in the oountxy 
after the failures of the earlier ventures ; in others, they relied 
upon Japanese g^ss Wfflrkezs under the control of Indians who had 
bsen to Japan to learn the trade. The experience available feom 
the failures which had already oconnsd d^ not seem to have 
been made much use of, and in no ease ware thorough preliminary 
investigations made, such as we now deem essential, if any new 
industry were to be started in this country. The result was that, at 
the outbreak of war, only three of these factories were in operation 
.and none of them was making a 'commercial profit, though the 
Talegaon factory, under the aid of the Paisa Fund, was paying 
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its way on tbe somewhat peculiar and non-commercial lines on which 
it was run. 

Bccent enquiries show that thei-e are now in India about 20 
glass factories at work. Of these, 7 are situated. 

Firozabad and are entirely engaged in the 
manufacture of chouri glass, which is purchased, 
and rtunoltcd by Iwnglo makers in both tbe United Provinces and 
the Punjab. Formcrl}', the glass for the bangles was roade from 
indigenous materials gathered more or less in the locality : but in 
recent years, since the manufacture of chouri glass was started at 
]{uj])ur, the use of local materials has been given up and the 
glass is now niiide with import) d soda, with lime from Eatni and 
with sand from the country to the soutii of Allahabad. The coal, 
of course, comes from Bengal. Firozabad thus possesses no natural 
(ulvantuges for the manufacture of glass, and the trade flourishes 
there almost entirely because of the large colony of glass bangle 
inakotH. The factories devoted to th^ production of cAom glass' 
t^rn in the hands of Hindu capitaUsts, who are stated to have iu'vested 
roughly about four lakhs of rupees in the industry, and the outturn 
of ghiss is estimated at between 20 and 30 tons a day. The largest 
gloss works in the town are just outside the railway station, and 
iiim> the proprietors have installed a gas-heated furnace of quite 
a modern type. The glass manufactured is very soft, obtained by 
tlie use of a considerable proportion of alkali. This is necessary 
1m>cuu8c the bangle makers work at a comparatively low tempera- 
tuni and would be unable to deal ivith hard glass. For this reason, 
apparently, cuUet or broken glass is not employed. The output of 
the furnace is almut four tons of glass a day and the proprietors 
state, that last year their gross outturn was about 900 tons. The 
glass is propan'd in a great variety of colours, and the demand is so. 
considerable that the plant has recently been duplicated. There 
are Ixttwccn 00 and 00 factories in Firozabad where bangles are made. 
Tlie bungle makers work in gangs of from 12 to 20. round a central’ 
furnace fired with wood. The furnace is cheaply constructed of" 
mud and the temperature is not very high. Each bangle maker 
has an assistant, and as yet no improvements hrfve been introduced 
into their methods of working. A Parsee firm established in Firoza* 
bad have, however, since the outbreak of war made oonsidexable 
strides in the manufacture of bangles in imitation of those formerly 
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imported from Austria. They have discovered that suitable glazing 
materials can be obtained from England, and after a number of 
experiments have succeeded in constructing a muffle in which these 
glazes can be successfully melted on to the bangles. The industry 
at the present time is in a very flourishing state and is in the han^ 
of enterprising intelligent men, who are willing to adopt any sugges- 
tions that seem to be practicable. It represents a turn-over of at 
least 20 lakhs of rupees a year and probably supplies one-third of the 
Indian demand for bangles. The Firozabad industry (is undoubtedly 
the best established branch of the Indian glass trade ; but whether 
this satisfactory state of things will continue in peace time, will 
largely depend upon the education of the bangle nuikcrs and the 
improvement of their productions. 

In his notes on the industries of the United Frovinoes published 
in 1908, Mr. A. C. Chatterjeo furnishes an 
■man'AMtiire***”"* ** interesting account of the state of the glass 
industry *at that time and, comparing the state 
of things as described by him with the present condition of tlio 
industry, it is evident that substantial progress has been made during 
the last ten years. Although plate and window g^ass, pressed glass, 
•opincal glass, soda-water bottles and, with the exception of a few 
•rou^ tumblers, table glass are not yet, made in India, direct enquiries 
have established the fact that there are now 12 glass works 
engaged mainly in the production of lampware and, to a less extent, 
of bottles and carboys. Stimulated by the demands for specialised 
forms of glass passing through the Indian Munitions Board, several 
factories have, with some degree of success, turned out glass tubing, 
flasks, beakers, petri dishes and test tubes of non-resistattt glass, 
.and one or two small concerns have been started to work up 'glass 
produced elsewhere to meet the demamls of the soientifio labora- 
tories controlled by the Indian Medical Service. Apart from the 
bangle trade, the capital invested in the glass works now running 
is probably not less than 15 lakhs of rupees ; but it is very difficult 
to frime even an approximate estimato as to the value of the monthly 
.outturn. The maidxity of the factories have been recently started 
and their record so far is, in most cases, a continuous struggle against 
•difficulties, due partly to inexperienced control and lack of trained 
labour and partly to short supplies, at very high rates, of essential 
xa^ materials such as soda and coal. 
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Tlie demand for glass in India is, to some extent, indicated by 
the vainc of the imports which are classified under the following 
heads : — 


TauU! 1 . — Imports of glass into India. 


Articles. 

Value (in 

lakhs oi 

ruiHiOS). 

1913-M ! 

. . . 

1S10-I7 

1917] S 



llH, 

ItH. 

Kh. 

BangloM 

a 9 • 

80 

43 

35 

BoAflfl and falno fionrls * 

• • • 

24 

21 

24 

Short and filnto gloHii * * 


22 ^ 

28 

23 

Lampwaro . • « , • 


1? ) 

11 

18 

BottlcHi and phials • » 

• « s 

14 ! 

10 

i; ^ 

Sodawator boUlM • • » 

* • s 

1 

® 1 

1 

9 

Tablowaro • # « « • 

s • > 

H 

7 

1 10 

UisccllancouB » • • . 

« • . 

10 

15 

j 

1 16 


Total . 

100 

iso 1 

1 

1 1G2 

1 


I 


Deductions regarding tiic effect of the war cun only he drawn 
from this table if it is remembered that vuiuiw havti inemtsed 
enormously and that current prices have been nearly doubled. The 
imports of bangles have very greatly decreased in value and still 
mote in volutne. The value of im}K)rtcd laiupware is practically 
unchanged, but the «|Uttntity has decreased by probably 60 pet cent. 
The reduction in the consumption of. kerosino oil has not been on 
a cor^ponding scale, and, as the imported glass from Japan is of 
very inferior quality, it will be approximately accurate to assume 
that nearly half the requirements of the consumers have been met 
by the Indian glass works. On general grounds, therefore, wo may 
assume that the value of the outturn of glassware by •organised 
factories in India is, at the present time, not fat short of 20 
of rupees a year and, if to this we add the value already arrived at 
of the bangle glass trade at Fvosabad, we arrive at a minimum 
total of 40 lakhs a year. 





266 


Indian MunHiona Board Handbook. 


The general conditions under which the glass indiutry in India 
has hitherto worked are described in Appenduc 
** **** ® Report of the Indian Industrial Com- 

mission, which clearly shows that, if the industry 
is to flourish in India, the haphazard methods of the past must 
be abandoned and the industry developed on scientific lines. Aa 
we have seen, the industry has reached considerable dimensions 
under the stress of war conditions ; but as these will now gradually 
pass away, there is bound to be a severe set-back unless, during 
the transition period, efforts are made to improve matters. In the 
words' of the Indian Industrial Commission, “ The glass industry, 
even in its simplest form, is highly technical and can be efficiently 
carried on only by scientifically trained managers and export work- 
men. The present stage has been reached by importing men, only 
partially equipped with the necessary qualifications, from Europe 
and Japan and by sending Indian students* abroad to pick up 
what knowledge they can. The glass industry is a closed trade 
and its secrets are carefully guarded, so tliat the latter method has 
not proved conspicuously successful.” It is now nigeutly necessary 
that the industry should be assisted by competent experts, and the 
problem which the Government of India will have to face, if the 
recommendations of the Indian Industrial Commission are accepted, 
is how to set about the task with the least possible interference 
with the vested interests which have grown up and which undoubtedly 
deserve consideration. 

It is difficult to assign adequate reasons for the location of mo.st 
of the factories in the places where they have been started. Tlic 
personal element was probably the determining factor and, under 
peace conditions, some of the factories will find themselves very 
severely handicapped by the great distunecs which separates them, 
from the sources whence they derive their raw materials, especially 
when there is no compensating proximity to markets for the finished 
goods. Naturally, the cry for protection after the war has been; 
strongly raised; but it should be pointed out that this will not 
help existing factories if the industry is, iii the futun*, developed 
on sound principles. We may assinno that it only requires the 
application of what are now well-proved methods to the problem 
of establishing the glass industry in India, and the result will be the 
establishment of new works which will prove even more formidable 
competitors than foreign factories situated in Europe or Japan,, 
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It therefore seems to be inevitable that most of the existing works 
will be unable to continue working and it will be their fate to succumb 
either to external or to internal competition. These facts are fully 
recognised by the managers and proprietors of existing glass factories, 
and, almost without exception, they propose that the initial errors 
they have committed in .selecting sites for their factories should 
be ininiiuised by speciiil concessions for the transport of raw materials 
and manufactured articles over the railways. There are^, no doubt, 
anomalies in regard to the railway rates and they have been brought 
prominently to light ; but in the economics of the industry, they play 
an extremely unimportant part and they should not be allowed to 
obscure altogether the main issue, which centres round the fact 
that the sites for most factories have initially been selected 
regardless of the fact that the assemblage of the raw'' materials 
would involve heavy transport elmrge.s. 


Leaving for the, present the diiliculties which the proprietors and 
managers of glass factories have created for 
themselves by thmr total disregard of transport 
questions, we may turn to the consideration of the most urgent 
problems re<{uiring technical investigation in the immediate future. 
Tlies(? relate to tint design and const ruction of furnaces and the 


manufacture of crucibles anti pots. Bvery glass factory in India 
dtqjends upon .hil)}»ul[)oie for flrcbri(*k.s and fireclay, and most of 
them obtain their ciueibles aiid melting ptfis from Japan, though 
attempts have btuui nuitle, but with a v<‘ry limited degree of 
success, to prejiure. them locally. The. riinjority <»f tim furnaces are 
built. aff(*r tln^ pattern introduced by the Jupaneao workers and tm 
open-iiri'd. Kit her because the design is faulty or because the 
materials ustnl are of inferior quality, these furnaces last only a 
few months. I’lnry are extraordinarily extravagant iti fuel, and 
most of flu* factory managers admit the consumption of from 
2 to as mueh ns 4 tfins of coal per ton of glass melte<l. In 
some case.^, regenerative gasdired furnaces are in use and in one 
(»r two instances the glass is melted in tank.s. These latter are coni- 


jmrutively economical; hut owuiig to hn perfections, both in the 
(h'sign ami in the maleriwis of which they arc coustructc^d, they 
have not fully c'ome. up in expe.ctations. 


It Bcarcely seems ojam to doubt that in attempting to help the 
Indian glass industry, the first step should bo to deal with these 


s 
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matters. Designs for furnaces of different types can be easily 
procured ; but considerable expert knowledge and local experience 
is necessary to decide between the claims of conflicting methods 
of preparing glass for a speciflo purpose. A more difficult matter, 
however, is the provision of suitable fire-resisting materials. Much 
valuable work in this direction has been done for the iron and steel 
industry and the results obtained should be of some VLse to glass 
makers. No one in India has succeeded in making crucibles, and it 
is not yet clearly established whether this is due to the defects in 
the material employed or to lack of experience in manipulating it. 
Before the war, crucibles were chiefly obtained from Japan and 
the average piice paid for them was Bs. 20 each. Now they cost 
Rh. 80 each and the glass makers are, in most cases, making 
energetic but futile efforts to render themselves independent of 
Japan. 

It is not easy to arrive at an accurate estimate of the cost of 
making glass, oven when such accounts as arc usually kept arc 
available for examination ; but a comparison between tbe value 
of the outturn on a good working day with the value of the outturn 
in the course of a year reveals an appalling degree of inefficiency, 
almost entirely attributable to furnace defects. Experts to deal 
with these problems should, therefore, be engaged. 

From information famished by the manufacturers of glass in 
India, the following table, showing the composition of glass mixtures 
used in India, has boon prepared. 


Tarlk 2 . — Vitrioua fflaos mirJvres im-d. in India. 



1 

2 


4 

5 1 


7 

8 

0 

Sand * • 

KKI 

100 

KH) 

... . 

too 


100 


m 

100 

Soda • . * 

40 

50 

1 


42 

50 

49 1 

! 

22 

481 

C3 

Lime . « • 

10 

10 1 

12 

20 

15 

j ■ H ■ 

10 : 


tsi 

Snltp/'tro 

«« > 

••• 



4 

! 

A 


lOi 

Vu]ht . 

i 

••• 

1 

»•« 

50 

{ IIN! 1 

1 

• •• i 

1 ••• 

SIS 


OtW ttemn (m’Oftiinnally uHoi} Hucih (la niaiiftaiiuAor lout, urHcniia an i borax 
aro tho quautiticB involved being vaxy Hniall. 
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Except in two instances, where cullet is employed, the glass is 
n . j * invariably composed of sand, soda ash and 
• lime with, in some instances, a rather con- 

siderable percentage of potassium nitrate. The high percentage of 
soda ash makes the glass expensive, since this chemical must be 
imported from abroad ; but it renders the glass easily tusible and 
therefore suited to the inferior refractory materials employed in 
the furnaces. Although sand suitable for glass making has been 
found at a number of places, for reasons not very apparent, all 
tlie glass factories in India, with but two exceptions, rely upon 
the crushed sandstone from the hills south of Allahabad at Loghra 
and Bargarh. The sources of supply of lime are more widely 
distributed ; but the soda ash hitherto used has invariably been 
imported and is usually supplied by Messrs. Brunner Mond & Co. 
Jn addition to the raw materials, which actually form part of the 
finished luoduct, the fuel used in melting them is an Important item 
and bulks very largely in the cost of making glass. Except in 
<inc or two instances where wood is used, the fuel comes from the 
Bengal coalfields and the cost increases with the distance it has to 
be hauled to the factory. The largest, and apparently the most 
successful, glass works in India is situated at Naini, a few miles 
from Allahabad and close to the sand stones of Lo^ra, It may be 
interesting to compare the prices paid f 9 r raw materials at this 
factory with those paid by a recently established ooiicern in Bombay, 
At Naini. sand costs four annas a maiind as compared with fifteen 
annas in Bombay ; lime at Naini is Re. 1 per maund as compared with 
XtVs. 2 in Bom})ay ; soda ash at Naini is Rs. 9-C-O per cwt. as compared 
with Rs. i) in Bombay, whilst coal is Bs, 13 a ton at Naini as compared 
wnth Bs. 24 in Bombay* Add to tliese disadvantages in respect of 
the cost of ])rocuriug raw materials, the additional fact that the 
Bombay factory is fully exposed to the competition of imported 
glass, while the Naini factory is protected in the markets of Northern 
India by a railway lead of several hundred miles, and it is obvious 
therefore that the latter enjoys enormous advantages due to its 
location. 

The two moat important items in the cost of making glass in 
India arc (1) coal and (2) soda ash. The coal is chcajier the nearer 
it is used to the mines from which it is obtained* Other things 
being equal, then, a glass factory stands a better chance of surviving 
when it is situated near a coalfield* With gas-fired furnaces, the 

s 2 
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qualitj of ooal is not of so greab an importance as is genoraily asHuiuc^ 
to be the case. Instead of soda ash, which is anhydrous curbonate 
of soda, sulphate of soda is largely used in Europe in the iiuinufacture 
of glass ; but to obtain the same result, approximately 4n |H‘r rent, 
more sulphate of soda than carbonate of soda must be used, and 
further, a batch oontainiiig sulphate of smla requires a iiivber tem- 
perature to produce the necessary reactions to f«»nn silirati* of soda. 
Whether under these conditioiu), indigeiinus sulphate of .soda can 
compete with soda ash is not. known. A cheaper sonri'e of soda 
is, however, a matter of such great importance that atteiilion may 
be seriously directed to the mar sfdls of Northern tndia which 
contain both the carbonate and the sulphate, fn the t>ust. they 
were the basis of the indigenous gia.ss industry, and it i> ]Hi'.sible 
that investigation may bring to light deposits sufrudentU- rich (tr 
make it worth while extracting the salt and refining it. The most 
probable direction to which the Indian glass maker may look for a 
cheaper source of alkali is the soda deposits at Magaiii in Itritisli East. 
Africa. Magadi lies about fH) miles to the south of Nairobi and .ITtf 
miles from Momltussa. Now that the war is over, there slimdd tw no 
groat delay in completing the railway eommuniratioii lietwccii Mugadt 
aud the seti, ami competition between soda ash and Magadi soda 
should materially benefit the Indian glass industry (we also |atgc 7tl). 

The next question for oonslderation in dealing with the iirobiem 
of the improvement of the glass industry, is how to provide for 
the training of glass tochnolc^sts. At present, as w« have seen, 
the gloss manufacturer in India is confined to the produrlion of 
a very soft soda glass, only suited for a limited range of warcH. and 
it is obviously necessary to expand the basis of the ihdustiy' by the 
prmluction, its soon as iiossilile, of higher qualitim of ghtso suited 
for a wider mngi> of articles. There is an immense iiiarkc.l in India 
for sheet and plate glass and even a larger market for bottles and 
phials. The former is as yet unoxpinitod, while the manufseturo 
of bottles has only just been commenml and no soda-water Imttles 
have been made. As soon os the difficulties connected with the 
furnace matedals have licen satisfactorily solved, the cx|H>rieiice 
gained with the glass industry up to the present time snema clearly 
to indicate that there are goixl prospects for further developments, 
provided that the details are worked out by competent experts 
and that, at the outset, skilled workers are freely imported to 
train Indian labour. 
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It is true thut a considerable numbei of men. bnve been trained, 

Labour difiiculties. ye&vs, by the Austrians and 

Japanese who were broii^t out to India in 
’Cimnfction with the pioneer eiTorts, to which reference has abeady 
been made. Useful work has been done by the Paisa Fund at the 
fllass Works in training glass blowers, and the expansion 
of the industry under war conditions is chiefly due to the supply 
Ilf nieu who have coino from this place ; but the men are not Vell- 
tr.fciiieri and the inferior quality of Indian glassware is partly due to 
this fitft-. There are, however, mgns of progress under the pressure 
of war demands, and this is satisfactory as furnishing evidence that 
a aell-devised scheme for the training of glass workers will meet 
with .success. 

1 luring the war, it was easier to find capital than labour, and the 
tiiaiiagers of every factory have complained of the shortage of skilled 
iiieu and the difficulty in training besh hands. At present the 
glass blower dominates, the situation and, though he earns very high 
wages, there is much friction between the managers and the men. 
The glass industry has come to stay ; but without aid from the 
State, it is likely to make very slow progress in the future. Adequate 
arrangements are necessary to provide for the thorough training 
of glHs.s blowers and men to work glass-blowing machinery. Opera- 
t ions need not be on an extensive scale ; but the technical staff 
.should, at the beginning, be much larger than would be justified 
by ordinary commercial considerations. So much of the work 
will be of an experimental character, the results of which should be 
placed at the disposal of those already engaged in the industry, that 
a subsidy to a private factory will hardly meet the case, and it seems 
desirable that the next step in developing the glass industry should 
be taken by Government and should consist in establishing a glass 
factory equipped with, an efficient technological laboratory and 
provided with a competent staff of experts and skilled glass workers. 

It might, at first sight, seem possible to make a considerable 
advance in the technology of glass in India by utilising existing 
glass works for practical experiments but it is almost certain that 
none of fffiem ate really in a position to do such work, and that 
such a method will cause inordinate delay. A Government g^ss 
factory is, therefore, essential : but it shoffid only be started after ' 
the problems to be dealt with in India have been examined by a 
Plan in the glass trade, whose technical knowledge, experience and 
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bxeadth of outlook will be sufficient to enable kim to indicate 
geneially tbe steps wkich must be taken to establisb the industry on 
a film footing. The technological aspects are not dissimilar to 
those which will have to be encountered in establishing any chemical 
or metallurgical venture; but the training of the workmen is a 
very special problem, for the solution of which the experience of the 
past is not likely to afford much useful guidance. 

The question of the transport of raw materials to the glass fac- 
tories has already been discussed. There remains the question of 
packing and transport of finished articles. The Indian Industrial 
Commission has made recommendations regarding railway adminis- 
tration to facilitate the future development of industries in India, 
and there is nothing in the glass industry which calls for exceptional 
treatment, unless it be that emphasis should be laid on the necessity 
for extra care in handling crates or cases containing glassa'are. 
It may also bo urged that, as the ratio between the net weight and the 
gross weight of glass packed for transport is usually veiy low 
and as railway rates are charged on gross weights, a- specially low 
classification may w'ell be allowed to glass in transit. For the packing 
ol glassware, the crates made from reeds grown in the bed of 
the Ganges are very satisfactory, and every facility shonld lie 
given to enable glass factories to obtain supplies. 

The economics of the glass industry have, as yet, lieen imperfectly 
studied and till more data are available,- little that is likely to be use- 
ful can be said regarding the selection of sites for glass works. It 
should be noted tl^t in the glass industry there is but little waste 
of the raw materials in the processes of manufacture, whilst n cheap 
supply of coal is undoubtedly an important factor. Ideal condi- 
tions for the manufacture of glass would be realised, if suitable sand 
could be found in proximity to the coalfields. It has been suggi'sted 
that whilst glass is best made under such conditions, the glass blower 
may economically work in the neigitbourhood of large .markets for 
glass-ware, obtaining his glass from a large central factory and 
re-melting it in comparatively small furnaces. This is what the 
bangle makers now ‘do. Attempts have been made to utilise elec- 
tric furnaces for glass melting and apparently witli some degree 
of success. The development of electric energy in India from water 
power may, in the future, possibly render it piaetioable to adopt the 
electric furnace to the glass blower's requirements ; but at present, 
neither is the electric furnace sufficiently developed for use in India 
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nor is a sufficiontiy cheap supply of electricity available, and future 
lines of development must be framed on the assum]3tion that, 
except in the neighbourhood of the coal mines, the cost of fuel 'vvill 
always be a heavy item in glass manufacture. 



274 


Indian Munitions Board Handbook. 


Cocoanut Industries of the West Coast of the Madras 

Presidency. 

By C. a. Iknes, T.C.S., 

Director of Industries, Madras. 

In the year 1913-14, the year previous to the outbreak of war, 
the principal exports from the chief ports of the west coast of 
Southern India (Mangalore, Tellicherr}', Calicut, Cochin and 
Alleppey) were the following : — 


Table 1. — Principal exports from west roast of Southern India in 1013-14, 


Article. 

Value 
[tluniaandB 
of nipeee.] 

ProduetB of the cocoanut— 



Rb. 

(1) Copra ..... 

... 

* 

180,77 

(2) Coir 

e ■ e 

• 

103, 4S 

(!!} Cocoanut oil ... 

« P 4 

* 

03.00 


Total 

• 

377.iK> 

Other produotB— 




{1) Coffee .... 

... 

. 

162,28 

(2} Tea . 

• • * 

. 

04,83 

(2) Pepper ..... 

* • • 

m 

61»70 

(4) Rubber . . • « 

• > . 

e 

30,28 

(6) Ginger .... 

• « i 

• 

15,01 


Total 

• 

328,10 
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Striking though these figures are, they do not bring into adequate 
relief the outstanding importance of the 
.cocMlnB?”''* ” “* cocoanut as an economic factor on the west 
coast, and naturally they give little indication 
of the part played by the products of the palm in the domestic 
life of the people. It is probable that in recent years most of the 
aviiilable oojira on the west coast has been exported either in the 
form of oo|>ra or in that of cocoanut oil. At any rate, in 1917 large 
•quantities of copra were imported from Ceylon to supplement west 
•coast supplies. It is also probable that a fair proportion of the 
■available coir is exported in the form of yarn, matting or rope. 
But copra, cocoanut oil and coir do j»ot exhaust the products of 
a tree, every part of which has its own definite use or uses. The 
leaves are used for hutting and r<K*iing, and for the manufacture of 
brooms, Itaskets and uinbrellas, or arc burnt for manure. The 
shells arc the. fuel of the ccHtst. The juice is drunk citlicr fermented 
■or unfenuented and is, made into jaggery and distilled into arrack. 
'The nuts are eaten, the oil is used for lighting and in cooking, the 
trunks are employed in building tar arc used as water pipes. Along 
the liiiorul, moreover, almost the whole population is dependent 
on till* «‘Ocoamit. for its liveliiiood. The trees Wong almost exclu- 
sively to small Indian cultivators. Thousands of boats ply on tlie 
eweks and Iniekwaters which fringe the coast, taking coir, copra 
and c»K*oanuts to Cochin and other oxpmt centres. The majority 
■of the male population earn their living by poling those, boats or 
by tapping the trees for toddy, gathering the nuts, splitting the 
husks or preparing the copra. The women beet out the fibre and 
twist it into yarn. Coir yarn is to sonre extent the currency of the 
■coast. Kvery evening one may sec women carrying hanks of yarn 
•to th<* nearest shoj>keoper and exchanging them for rice, chillies, 
tobacco and r*fLer household necessaries. 

It is iiupnssiblc U) give any accurate. statisiJes of the arch planled 

Ki cultivation. co<>oeimt palm (»n the west coast. 

Tite cro]> is a pennunent oiu^ and no aitinml 
statistics of acn'Uge are jntblishcd by the Agricultural IMitartmcnt. 
It may safely be. estimated, liowever, that on the west coast half a 
million acres are planted up with the tree, and that not less tlian 
],(S00 nuts per acre arc a normal annual crop. The total annual 
crop, therefore, may be estimated at not loss than 800 million nuts, 
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worth at pre-war prices nearly four crores of rupees. The tree 
can be grown inland up to an elevation of one thousand feet 
but flourishes best near the sea. The west coast consists of a 
long narrow strip of land which is almost entirely cut off from 
the east by the Western Ghats. The rainfall is extremely heavy 
and numerous streams and rivers flow down from these hills to 
the sea. Owing to their velocity, they carry with them enormous 
quantities of organic and vegetable matter, and as the results of 
this discharge over many hundreds of years, large low-lying strips 
of land have been grad\ially formed in the sea, and the lagoons 
and backwaters, which form an almost continuous waterway, from 
Trevandrum in the south to (Jalicut in the north, have eomo into 
existence. It is along the shores of these lagoons and backwaters 
and along the banks of the rivers that the oocoanut flourishes 
best and yields most abundantly. The long line of backwaters 
moreover has only one important outlet to the sea, namely' at 
Cochin, and British Cochin is accordingly the groat market and 
port for all products of the coouanut. In localities such a.q those 
mentioned the palm grows with extraordinary luxuriance, but the 
cultivation is admittedly inefficient. There are no large planta- 
tions under European management, and the industry is almost 
entirely in the hands of small Indian ooltivators. Ov^lanting is 
the commonest defect, but no attention has yet been paid to the 
selection of seed nnts with the object of increasing the copra content. 
In well-organised estates in the Straits Settlements, d,000 nuts am 
said to produce one ton of copra, but on the west coast on tho 
average not less than 7,000 nuts are requited to ptrsluce tho 
same Quantity. The Madras Agricultural Department has now taken 
up the study of the ooooanut and has opened four expi‘rimental 
stations where seed selection, methods of cultivation and other 
questions will be investigated. 

Before tho war, tho most important of the products of the 
oocoanut, from the point of view of foreign 
*' expmt trade, was copra, the driwl kernel 

of the nut. The oil wliich is extracted from copra is used on 
a very large scale, mainly in the manufaoturo of edible oils and 
fats. The course and distribution of the copra trade are in- 
structive and can best be ^ exhibited by the following comparative 
statistics. 
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Table 2. — Exports of copra and cocoanvt oil {foreign trade) from the 

Madras Presidency 


COIBA. COCOAMT OTJ!. 


Yoar. Quantity : Value Quantity Value 

(thonaands [thonmnds [thouaande [tbouMinde 
of i of , of ' of 
cwte.] j rupees.] gallons.] ! rupees.] 


iom(.7 

• 





¥ 

1 1!.. : 
125 ! 13.76 

013 ! 

Km. 

ISM 

1907-8 

« 





• 

IIH 

:!1,-J3 : 

" 1,1.18 

ISM 

1008-9 






« 

m ! /f3,ryj 

2,814 

39, 7S 

1900-10 

■ 



■ 


• 


74eI0 

*J,4<)8 

STM 

1010- M 

• 





* 

416 


KS90 

SSM 

1011-18 

• 



■ 


• 

632 


2,121 

SOM 

1012*13 

« 


« 

• 


• 

085 

liSsSti 

orio 

ISM 

1013-14 

0 


i 

* 



762 

28S,J0 

UOIM) 

33, 4S 

10I4«15 

■ 


* 

t 



635 

Ji%n7 . 

1.784 ; 

3SM 

1015.16 

¥ 


« 

* 


• 

312 

87M 

94,3$ 

SsUio , 

OsOlO 

SB, ST 

1016-17 



« 

i 


• 

506 

43,63 

1017-18 

« 





« 

107 

1$,20 

2.400 1 

46,40 


Jt< will bo ecca tlint whilo tho export of copra steadily increased 
from 125,000 cwts. valued at Es. 18*70 lalchs in 1900-7 to 762,000 
ewts. valued at lie. J55'46 Inlclm in ] 913-14, exports of cocoauut 
oil fluctuated and wewi no fp'eatpr in 1912 — 14 than they had Ix'cii 
ill 190C-~8. In the five years preceding the war, Oemtany took 
nearly 73 per cent, of the cxjiorts of eojira from the west coast, Init 
only S3 per cent, of tho exports of cocoanut oil. The predominant 
]Misition occupied by Oemtany in general and Hamburg in parti- 
cular in the edible oil seeds trade before the war is well known, and 
malty reasons for this predominance are given in the evidence 
pimtnU'd to tho “ Committee on edible and oil producing nuts,” wiiich 
sat in the United Kingdom in 191D. It would take too long to deal 
with the matter in ihttuil, but the broad fact appears to be that 
Ituforo the. war vegittable oils were in far greater demand on the 
continent for edible purposes than in Kngiaud. Qentiany had a 
fiirtlicr advantage in that there was a very large ilcmand in tlio 
country for eocoanut oil eake for feeding stock, and an excellent 
system of inland waterways enabled this cake to bo distributed 
cheaply. The trade in oil seeds, moreover, was carefully fostered by 
the a^Bsion of the taw material into Germany free of duty and by 
the imposition of a duty on eocoanut oil. At any rate, whatever 
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the cause, the fact remains that Hamburg was the most important 
market in the world for the oils and seeds required for the edible 
oil and fats industry, and that very numerous crushing mills were 
situated on the banks of the Elbe near the town. The copra was 
•crushed in these mills, and while the cake remained in Germany, 
much of the oil was exported to Holland, for use in the margarine 
factories, and also to the United Kingdom. In 1913, for instanco, 
no less than 30,236 metric tons of cocoanut oil were shipped front 
Hamburg to England. The sudden stoppage of exports of copra 
to Germany was a severe blow to the west coast, but it may lie 
hoped that much of the trade with Germany has permanently hrfii 
•diverted to the United Kingdom. The war has greatly iiicreascd 
the use of margarine in the United Kingdom, and many factorips 
for the production of edible oils and fats have come into existence. 
'The immediate result of the war was not only a revival of the 
trade in cocoanut oil with the United Kingdom but also a large 
increase in the export of copra to the home country. 'J’hc trade 
in. copra has been checked by shortage of steaniers in India and of 
man power at home, bnt copra is essential for the niamtfariture of 
high-class edible oils and fats, and when normal conditions are 
restored the United Kingdom will probably be an important 
•customer for west coast copra. France, however, has taken the 
place of Germany as the principal buyer of copra, exports to that 
•country having gsown from 68,000 cwts. valued at Us. 13*72 lakhs 
in 1913-14 to 419,000 cwts. valued at Bs. 77*99 lakhs in 1916-17. 

Gopra is the dried kernel of the cocoanut. The ripe nuts are 
„ collected every 40 or 4S days according to the 

season of the year and arc husked i>y bring 
struck on a sharp pointed stick fixed vertically in the ground. The 
husks are then carried away to the soaking pits, and the kernels 
which are still endosed in hard shells are removed to the drying 
grounds. The shells are here held in the left hand and struck 
sharply across the centre with a knife, the operation dividing them 
into two halves each containing half the kernel. These halves are 
•dried in the sun, and after two days’ exposure the kernel shrinks 
and comes away easily from the shell. The kernel is dried in the 
sun for a further two or three days according to the weather 
and is then ready for sale as oo|Hn. It is Important to avmd any 
damping of the kernel daring the process of drying, as any m6istute 
Bets up mould and causes fungi to appear which reduces the value 



Cvcoanut Industries of ike West Coast of the Madras PresUeney. 27^ 

of the copra. Nuts which arc cut before they are thoroughly ripe 
arc especially apt to become discoloured in this way. and no amount 
of drying will save them front becoming Inferior copra, hlalabar 
copra properly prepared is eminently stiitable for edible purposes, 
and for years has stood at the top of the market. The following 
typical prices in Europe which an> published in the book “All 
Abend Coeaanvts’* illustnite this remark: — 

Taiins 3.— /Vices 0 / copra in 1912 and 1913. 


PBICJCH rSR T<IK. 

July September 
101& 1»13. 

£ )!. tl. S s, ft. 

Mnhtmr :;7 10 0 10 0 

Ceykm Sit 13 0 »S 0 0 

Java 24 13 0 31 5 O 

Straits 24 10 0 3) B 0 

Mitiiiiln S3 8 0 : 30 10 U 

■ - i . . 


In (.’eylon, the eopm is onliiwtrily grilled on a framework i>f 
truys const met (d over u ]tii in which u tire is kiiiillcd w'ith eiK'oaiiut 
Bhells. In other count ries, it- i-s dried in kilns or in more modern 
hot air rotary drying niuehincs. It is la’lievcd that Mr. John Grieve, 
a Cochin nicrciiant, experimented with kilns in Cochin many years 
ago, but the experiments were unsuccessful, and sun diying is ths 
universal practice on the west coast. In most eoooanut oou&triss 
tlic objection to sun drying is not only the loss of time involved, but 
also the fact that it is imponible to rely on brilliant sunshine during 
tiic whole period of preparatimi. This latter objection, however, 
does not apply for several months on the west coast since from 
Preentber to the end of March hardly a drop of rain falls, It is 
true, however, that during the monsoon months very little copra 
can be prepared on the west coast, and probably one reason why 
artificial diying has never come into vogue on the west coast is 
that the copra industry is mainly in the hands of small msrohants, 
who have no capital to invest in expensive diying machinee. But 
many people aseribe the superiority of west coast oopM oudaly 
to the fact that it is sun dried, and in view of the fact that Malabar 
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•copxa not only oommands a highex price than any other copra 
but is also most economioally prepared, it is doubtful whether 
any advantage would be gained by resorting to artificial drying. 
For export purposes copra is sliced into small pieces and is shipped 
in bags each containing owts. 

Copra is very rich in oil content: According to the book 
“All About Cocoamts" which has already 
Cocoanut oi. quoted, Malabar copra yields 68 lusr cent, 

of oil, Ceylon 65 per cent., while that from Manilla copra is as low 
as 59 per cent. Malabar oil, or to give it its trade name, Coc,bin 
oil, is the finest cocoanut oil in the world and at one time 
commanded a 35 per cent, premium over Ceylon oil. Kven now 
it keeps its position, though with a smaller margin. Thus in April 
And May 1912 the following prices were quoted in Europe for 
Cochin and Ceylon oil reqiectively per ton ; — 

TabIiE 4 . — Price of cocoanvt oil in 1922. 


* Quotation. Cookin. ri*yluii* 

£ it, d* £ it, d, 

J^prilspot a • 40 0 0 ' 41 14) 0 

.April-May o*i*£ta • • * « • • • 48 14 0 i 41 0 0 


The characteristic of the best Cochin oil is that it la colourless 
■almost like water. Formerly the copra was pritsscHl solely in 
■country chehleus or oil mills, which consisted of a lurpt* wochIcii 
mortar firmly fixed in the ground and a cocrespnnditig rcvolv 

ing inside it. The pestle was worked bj^ a iever whieli a jsilr of 
bullocks carried round in a circle. Even now these primitive oil 
mills are still seen, and they are said to produce the best oil. But 
in Calicut, Cochin aqd Alleppoy their place has been almost entirely 
.taken by power mills driven by oil or steam, Most of those mills 
are known as “ chuck” mills, chuck being a corruption of the 
Malayalam word chekhu and, as their noino' implies, they am similar 
in principle to the country chekku with the exception that the 
mortar and not the pestle revolves. The chucks which are usually 
■of cast iron and axe made in local foundries, eaoh require about 
.3 B. H. P. to drive and deal with about 50 lbs. of copra per hxrar, 
■and mills of 15 and 20 chucks ate not uncommon. Ona hydraulic 
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mill consisting of two cage presses exists at Cochin. In the 
chuck mill, the copra is sliced into small pieces and is then fed into 
the chucks. The oil as it is extracted runs out through a hole in 
tlie bottom of the chuck and is conducted by a trough or pipe 
to a barrel or other receptacle. The residue mixed with a little 
gum arabio is poowte or cocoanut cake, valuable both as a food- 
stnfT for cattle and as manurp. Before export to Europe, however, 
tlio oil is carefully filtered and othcnvisc treated in the yards of 
the shipping houses in Cochin. j\lost of the cake remains in the 
country, but before the war there was a considerable though 
diininishing export to Oennany. Before the war, the value of 
cocoanut cake as a foodstuff for cattle was hardly known in England, 
but the war has made. 41 great change in this respect. 

The course of Ihc cocoanut oil trade is exliibitcd in the followjjig 
staiistics : — 

Th'- EuH'poiis of coroaniU oH fmm the Madras Presulcmy, 

! PoHKioN. ’ To Jsr)fAS Pujmt. ! Total. 

j j I , „ J 

Year. ! Qaaiitil.y j Valtic 1 Quiiiitily Valuti I (jiiiintlty j V^ahio 

. I tJiuutitandK. [thousamlB, [,t liouMiticlH [ tluiiLsunclu ItluiUMuuds j [tbouHands 
1 cif I of , of c»f i f)f ‘ of 



I ^alldUh.] j 

nipcc b.] 

g;Uiunf^.| 



rupees.] 

galltuiM.J 

rupccK.] 


1 


f 



n . 




.|,SW2 


7,420 

2W,7J 

leiiMJ 

, i 


' 1 


0,174 

Uii,2Jt 


2 .ISI 

iiu,Hn 

4,jai 


U,8ri2 

noM 

muMn 

. !««• , 

}s,tn 

a , 021 

7J,70 

4,851 

bo,n 

ICKMI 

. . 



7Vi4 

' 4MG 

j 56.?'2 

i»M tri 

, J.7M 




1 5,152 

1 OSM 

laisie 

. L>.t»l(} 

:is\s7 

1 2,720 ’ 


' 4,746 

’ hlM 

niupi? 

, 2,«iR ; 


2,:k»k j 

44,40 

I 

: 4,417 

\ ■ m,o:\ 

J 

IfllT-lH 

. . a,4«> ■ 

4U0 

2,7t«> ! 

40M 

1 4,S»0 



('UleuMa, Bombay, Kaugoon and Karachi all import large 
quant iticH of cm'iauiut nil from the west coast but, before the W'ur, 
Ihe f(»rcjgii 4.*xiK»rt trade was on the downward gra<le. llie reason 
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probably is to be found ia the fact that copra is less bulky than 
cocoauut oil, and while it does not need to be packed in expensive 
casks or barrels, there is less risk of loss or wastage on the voyage, 
Gretmany, moreover, as has already been noted, deliberately 
encouraged the import of copra for her crushing mills, by admitting 
copra free of duty while imposing a duty on cocoauut oil. The 
oil is usually shipped in casks mode at Cochin of white cedar {Dysoay- 
Ion Malabarimm), an exceptionally clean hard grained wood, free 
from resin or other deleterious matter, which might discolour the 
oil or otherwise injure its quality. Even before the war the cost 
of barrels amounted to an extra charge of Ks. 80 per ton, but owing 
to the scarcity, not only of hoop iron, but also of white cedar, the 
cost of packing has gone u^ to many times that figure. The extra 
cost of packing in expenave casks or barrels might be saved by 
the use of tank steamers, but the fact that the oil solidides at a 
temperature of 68° Ear. has hitherto prevented adoption of 
this expedient. It is believed, however, that tank steamers have 
already been used to convey cocoahut oil from the Plulliplaes to 
the United States, and no doubt they will make their apptiuranco 
sooner or later on the west coast, especially as a large copra crushing 
mill is about to be established at Ernaknluiu near British Cnrhiu 
by the Tata Oils Company, Ltd. 

Little prepress has hitherto been made in the Madras Presidency 
in the industries based on the use of cocoanut 
oil. Messrs. Best &> Co., however, refine cocoanut 
oil at Pondicherry, and the pnsiuct, under tim 
name of cocoatine, has practically displaced the use of yhi in 
European households in the Madras Prusideney. Mnmiver, the 
Government Soap Factory at Calicut, which uses large (pumtiiit>s of 
cocoanut oil for the mamifaciure of soups by the cold pna-ess, 
has been remarkably successful, and it is probable timt after the 
war there will be a largo development of s«mp making on the west 
coast. In Ceylon, the dossicated coroaiiut industry has attained 
large dimensions, about 80 tnillions lbs. Iwing exported every year, 
but an attempt made some years ago by Messrs. Andrew & Co. 
of Ca’icut to introduce the industry into Malabar ended in loss 
and was abandoned. A new use for charcoitl made from cocoanut 
shells has been found since the war be^n. The charcoal absorbs 
gases to an extraordinary degree, aitd was being made on a 
large scale near Codtin for use in anthgas respirators. The shells 
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were carbonised in pits, but if, as is probable, the demand for 
coooanut shell charcoal continues after the war, it would probab '7 
pay to carbonise the shells in closed retorts and to recover the b^* 
products. Cocoanut shells if carbonised slowly at low temperatures 
are exceptionally rich in acetic acid, as the following analysis 
recently made at the Indian Institute of Science diows : — 

Per cent. 


CluHraoal . . 37'4 

Aoetio acid . 6-0 

Metbyl alcohol . 1*04 

Tar . . 8*S 


The ash both from shells and the husks is extraordinarily rich 
in potash, and makes a valuable manure. 

Coir is the third great branch of the cocoanut industry, exports 
of manufactured coir (excluding rope) having touched nearly 50,000 
tons valued at more than a crore of rupees in 1913-14. The figures 
ate given below:— 


TabIiB 6 . — Exports of manvfaotvrtd coir {exAvding rope) from the 

Madras Presidency. 
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The industry is entirely a cottage one. As soon as the nuts 
are husked, the husks are carried oS and buried 
yarn.* **** *"^“**0' s Jq pjtg on tjie banks of rivers and backwaters. 

The husks remain buried for at least 8 or 9 
months and sometimes are left in the pits for as long as 18 months. 
When they are taken out of the pits, women beat them with wooden 
mallets on a stone or block of wood, until the fibres are thoroughly 
separated from the pith or outer skin. The pith is then shaken 
out and the fibre thoroughly washed. It is then teazled by being 
thrown up and down between two sticks, an operation which not 
only removes any small particles of p;th which may still bo adhering 
but also has the effect o" mixing thoroughly the long and short 
fibres. The fibre is then ready for spinning either by hand or 
by the spinning wheel according to the custom of the locality. 
This operation is entirely performed by women. Some of the hand 
spinners are exceedingly expert, and arc able to spin with both 
hands simultaneously. The usual method is to roll out the fibre 
in lengths of one foot slivers. Three slivers are twisted together, 
other slivers being added as required and the spun yarn being 
held in position by the toes. Tho spinning wheel is in use in 
Travancore ntiar Anjeiigo and Quilon, but further north spinning is 
dune almost entirely by hand. 

Tho process described above is that followed in the districts 
such as Anjmigo and Alapat, where the best yarn is produced. In 
some districts, however, the soaking of the husks is disjMsnscd with 
or is impossible owing to the luck of suitable creeks or backwaters. 
The resulting yarns are usually coarse in texture and reddish in 
colour imd are weakened by adhering particles of pilh. The best 
yams arc absolutely fme from pith and arti a bright, many of tli«!in 
almtMt a golden, colour. AH the Ixmt coloured yarns arc pmdncod 
in neighbourhoods where the rise and fall of the tide are roost 
marked. Tlte reason is said to be that large quantities of gases 
are generated by tho soaking husks which discolour and render 
brackish tho surrounding waters. The tides wash away these 
accumulations of gases, and it i.s in this constant scouring that tiie 
value of the tidal eteeks and backwaters to the coir industry lies. 
Husks are frequently soaked in tanks and ponds which are not tidal, 
but tho fibre is never of tho same bright colours or of the same 
durable nature as that obtained from husks soaked in tidal back* 
waters. All the mast famous yarns, Anjengo, Alapat, Ashtamudi, 
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Fanu and -Vycombe come from localities vhicb are favourably 
situated in xei^eot of tidal action, and large quantities of busks 
:brom nortbem districts wbete conditions are less favourable axe 
sent to Anjengo and other southern places to be soaked. Yams 
are named after the district or village in which they were made 
and are distinguished not only by colour but also by their twist. 
Alapat and Anjengo are the most high priced yarns, but Ashtamudi, 
Vycombe, Farux and Kama are also well known. All these, yams come 
from the neighbourhood of AUeppey or the districts .urther south. The 
speciality of Cochin is a thick roping yam. Calicut yams (Beyporcs, 
£. Fs, Farappanagadis, etc.) are generally speaking of inferior quality. 

Yam passes through many hands before it reaches the shipper 
or manufacturer. The spinner frequently sells or barters it to the 
petty shop-keeper, who in turn sells it to the dealer or middleman. 
The dealer roughly sorts the yam according to colour and thick- 
ness and makes it up into neat round bundles each containing one 
maund or multiples thereof. In this form it is sold to the dealers 
at the coast ports, who agun sell to the shippug firms or manufac- 
turers. Before export, however, the yams are carefully re-sorted 
and are re-wound on wheels into long hanks each about 450 yards 
long and lbs. in weight, the object being to ensure that each hank 
should consist of one continuous length. This re-winding is done 
by boys who are exceedingly expert in splicing the several ends 
of yarn together, so that it is often quite inqsissiblo to find whore 
the join has been made. Each hank is tied across carefully, so that 
it is easily separated on reaching its destination. These hanks 
am tln»4idbMniS^Mgtting room and axe carefully graded by women 
according to size am colour. They dse then made up into bundles 
each containing,,! cwt. and axe usually shipped in hydrauHealQrj 
pressed bales of 3 cwts. each. Inferior yams, however, are usually 
done up in dhalk (small bundles of 5 to 7 lbs. each) and shipp^ 
as broken stowage. The re-winding into long hanks costs the coast 
firms about Rs. 10 per ton. This extra expense would be saved 
if the cottagers would agree to splice up the lengths before hanking. 
But it is not the custom, and all attempts to induce thorn to supply 
long hanks have failed. 

jlie bulk of the manufactured coir exported from the west 
coast is coir yam, “but the manufeoturc of omr 
mats and matting is now an important imiustiy 
at AUepp^ and at Cochin. The looms are 
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almost all hand looms, and the processes of weaving do not require 
any special description. Every variety of coir mat and matting 
is woven, while coir mesh bags are made for carrying apples, tea 
leaf, onions and other produce. Coir ropes and cordage are another 
important branch of manufacture. There are no rope machines 
and the ropes are all made by hand. The foreign export trade in 
cordage and rope is small, but exports to Indian ports, particularly 
to Bombay, are considerable. They amounted in 1913-14 to 
nearly 5,000 tons valued at more than Rs. 7 lakhs. 

As the exports statistics given above show, the coir induvstry 
has been greatly hampered by the war, and the population of the 
west coast littoral has sufiered severely. The export firms, on the 
west coast, however, have done their best to keep the industry alive 
by buying yarn for stock, and the Indian Munitions Board has been 
able to assist by placing large orders for yarn and matting. 
Hundreds of tons of yarn and thousands of yards of matting have 
been supplied by the Board to the army in Mesopotamia and India, 
while 150,000 square yards of coir screening (similar to the hop 
screening used at Home) have been supplied every month to Army 
Head-quarters in France for camouflage purposes, and Iarg<? orders 
have been placed for coir mesh bags, which have been found very 
useful by the Controller of Tanstuffs for carrying tanning bark, 
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Bt Sir F. A. Nicholson, E.C.I.E. and Ur. A. E. Mbnon, 
of the Madras Government Soap Works,, Calicut. 

Tlio soap iised in India is partly imported (about 18,n00 tons 
on recent averages) and partly manufactured (^lossibly 21,000 tons) 
in the country. These figures and the statements below exclude 
a variety of locally made “ dhobies’ soaps ” of unknown quantity 
and composition. » 

The main question considered in this article is whether Indian 
. manufacture can, by improvements, not only 

M ucoiy. against post-war competition but 

develop so as to supply a growing demand and to permit of exports. 
Ultimately the answer depends largely on the solution of the major 
problems presented by the several oils and fats inddstries, viz., 
oil pressing whether in factories or village presses; the edible oils 
and fats, industry ; the manufacture of glycerine, whether as a by- 
product in soap making or as a direct product in fat splitting; 
tbs manufacture of candles, paint and varnishes ; the hardening of 
fats as edible or technical material. The assistance of agriculture 
is also an essential factor both in providing a oonstrat supply of 
cheap vegetable oils and in absorbing the oil cake from the presses. 
The present article, however, deals with soap merely as an individual 
industry, and with one ingredient, viz., tallow. Facts and condi- 
tions are as shown on the following page ; 

Quantities and aggregate values are rounded to the nearest 
Insert!. thousand, but the rates pet cwt. are accurate. 

* The average import of soaps in the 6 years, 

including the war period, was 18,686 tons, or 997 tons. In excess 
of 1912-13, and 393 in excess of 1913-14, this sustained import 
being due only to a moderate extent to military demands, which 
did not aggregate above 3,000 tons per annum. Briefly, for some 
.years before the war imports were steadily growing, and the present 
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noimal supply may be taken as 18,500 tons. The values are in- 
voice” values o.i.f. India, but exclusive of duty. Wat values may 
be placed out of consideration. The high value of toilet soaps, 
viz., about Bs. 57 per cwt. in 1912-15, and the low value of house- 
hold soaps are very suggestive for Indian developments. “ Other 
soaps ” include textile, hcumess, soft soap, etc. 

The imports, whether before or during the war, from countries 
other than the United Kingdom are almost negligible. The following 
table gives statistics : — 


Table 2. — Imports of soap showing countries of origin. 



Year. 

Country. 

1013-14. 

1014-15. 

1915-10. 

1 3016-17. 

1 

! 1917-1 r. 


cwt. 

cwt 

cwt. 

cwt. 

ewr. 

L'nlted Slnfldom • . ' • 

360p7Ua 

806.720 

,800,063 

304,085 

335,006 

itest of Emplro « • • • 

COS 

1,040 

8,183 

(«) 10,172 


TosAi BEixisn Eumn 

ft 

8S1,S05 

397,700 

302,700 

374,237 

842,404 

Gumiuny 

1,041 

\m 

7 

, , 


Italy 

2,802 

1.801 

768 

07 


AtwlvlA-Ilungftry . > . . ' 

3.675 

1,848 

ft ft 

55 

4 

Jnijnn . 

007 

1,101 

7,189 

3,727 

70M 

United StAtes of Amortca 

1,601 

701 

2,710 

1,081 

2,271 

XOTAl FonmON C^VNTBISS IK- 
C1.VD1KO OTU3E1U1. 

]t,rt65 

6,780 

! 11,400 

5,004 

0.480 

QAAKD TOTAL . 

866,660 

mm 

874,801 

8800.61 

snSN 


a) 8,A25 froKiStraitM Scttlomettto. 
k) 6|770 tt *1 II 


It will bo noticed that, even before the war, little over 3 pet 
cent, of the imported soap came from foreign countries. Also that 
Japan came to the front as soon as war had fairly begun. 
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The following table gives the classes of soap impotted ; 


a 

Table ^.—Classes of soap imported from different countries. 






• 

Vbar. 



ClaflBOfBoap. 

Gonntry. 


1013-14. 

1014-15. 

1 

lOlHt. 

1010-17. 

1917-18. 




owt. 

owt. 

cwt. 

ewt. 

cwt. 

BoiiB6ib<>ld tad latin- 
diy(lM Mid tablet!). 

Bolted Kingdom 


300.215 

351.460 

SllAiO 

1 810,503 

8on,s?s 


EoatofBmplre 


341 

713 

1344 

0.003 

7.021 


Foreign ConntricB 

0 


613 

605 1 

1 1,034 

232 

(.1)4.225 


Tom 


001.300 

352*074 

1 315.S8? 

320.518 

311AI. 

Toilet soap 

United Kingdom 


33,UdO 

34,402 

37,S»« 




KuHt of Empire 


S2n 

261 ' 

aoa 




Foreign Conntrlea 


8,703 

4.024 

<fr)8,}lNI 




TbTAL 


45.330 

30.307 

40,263 

47,207 

81,744 

Otheoc toapi 

United Kingdom 


14.102 

30,302 

11,024 

0.310 

7.088 


Kcat of Empire 


31 

33 

H 

10 

183 


Foreign CounlxicH 


3.050 

3,207 

771 

71 

551 


TOTib 


10.152 

12.102 

12,703 

0^07 

6.fl?8 


OBAKD TOTAL 


882.M 

mm 

174 ft» 

iQi| 

MOM 



Of soaps fcoin forei^ conntrks, the bulk (76 per oeat.) ia 1918«14, 
is toilet soap, of whioht in that ywCf Austtia*Hnagaiy seat 48 
per cent. ; Japan now takes the lead. 
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The subjoined table gives some information as to amount of 
soap produced in various parts of British India, but must be read 
subject to the explanations which follow. 


Table 4:,-^Pfoduction of soap in British India hy provitices. 




Pactombb ritnniTisa. 

PROnrCTlON IN TOSS Pl.K AKNVX. 

i*iu\incc‘. 


Above 

Below 

Bar 8<Mp 





0(HI tOTU) 

ooo tons 

indiidinK 

Toilet soap. 

Other sofliJB. 



piT .iniiuiii 

per annum. 

tntilfit*^. 







Tonh*. 


i 

SMag,il . 


a 

1 

4,800 

Not. Btutod 


MaUras . 



1 

240 

350 tons. 



Boihlmy . 



1(1 

3,000 

Noistatoa. 



HIrtil . 



4 

2,320 

»• 



Punjab , 


1 

1 

i 



. Trlllinf! i-witt 1,800 



1 





touB “ dhohl hoapK” 

Delhi . 



10 


350 tuiiH 


ill Diiritia, wiiitdt 



1 


1 



liowo’iT are jtnoful 

United l*ro^incc8 


1 

Tf 

520 i 

0 toii^. 


at tHir Boiiv rati'H and 



1 





an* pifihalily blntU 

Ccriiral Pmincch 


1 

4 

204 

TnlHnK. 


lar. 

Duma . 


1 

o 

1 

H,700 

Notstntetl. 



Total 


n 

46 

20.726 

§ 



These figures, which t«ke no account of facl-orios in the Indian 
States, are taken from statistics collected hy the Indian Munitions 
Board, but they must be regarded as ][>otential 
ol *‘ft^'her than actual, being the aggregate of 

duced? *** statements made by factories, including cottage 

factories, as to their ability to supply soap. 
The quantity is rather what could ' bo made at once if orders wore 
given and time allowed, rather than regular output. On the 
other hand a considerable factory M'as under construction in 
the Bombay Presidency, and many petty ones, as in Madras, have 
lw*t»n omitted becauHo of the small quantity produced. S<jme fac- 
tories also allege that <m demand their output could be increased 
by an aggregate addition' of 7,000 tons annually. Further, a firm 
• in Allaliabad had works under erection and promised 400 tons 
per month of bar soap alone, while another in Bombay, also in 
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building, pioxoised 150 tons pei month. If these statements are 
ooiieot, ^e present output of all soaps maj' be put at about 
21^500 to 22,000 tons, with works tuddei erection which will add 
6,500 tons of good class soap, besides a possible increase on demand 
by existing factories of about 7,000 tons. Hence, there is a possible 
output at present of 28,000 tons and a potential output of 35,000 
tons. Soaps declared as “dhobies soaps” are exclude^ from these 
figures, but the output of Burma, and to a less degree, of the other 
provinces includes soaps which obviously come under that category, 
whether so named or not. But since the phrase “ dhobies soaps ” 
is used somewhat colloquially as the equivalent of “laundry soaps ” 
it seems that, especially in Burma, where some “dhobies soaps” 
are priced at Bs. 28 to Bs. 16 per cwt., these should have been 
added, in which case the output of laundry bar soap should be 
increased by about 1,500 tons annually. 

Out of the 48 bar soap factories many arc very petty, ofiering 
to supply only 8, 9, 20, 50, etc., cui;. per month. Thirteen working 
factories actually profess ability each to supply 50 tons and upwards 
of bar soap -per month, their aggregate being about 17,000 tons 
annually: nine ofiered 10 tons and upwards per month aggregating 
2,400 tons per annum ; and 26 offered less than 1,000 tons annually 
between them. Toilet soaps ate known to bo made in consider- 
able quantities, but only 19 fimtories have reported, their output 
being trifling except in Delhi and Calicut. The total promises of 
toilet soap aggregate about 710 tons or about '9,600,000 cakes at 
six cakes per pound. But a large addition should be made for 
good class factories which have not stated their toilet eoap out- 
put. In all 66 factories ate entered as going conoorns. 

Prices are largely a gauge of quality, especially in* bar soaps, 
Prices. which form the great bulk of Indian-made 

soaps. Figures axe nob available before 1918, 

. in whiph year they were inflated by the large demands for the army 
and by the high prices of oaustio and other material. The prices 
at wl^h faotories made provisional offers of soap varied from 
Bs. 36 to Bs. 8 per owt., tihe form« being or pcofesring to be first- 
class SMps equal to high olaes Ei^Ush bar soap, the latter being, 
in their lowest grades, soap more by name than quality. The 
following table shows approximate figuxetrfox bar soaps, (excluding 
“dhobies soaps”) but ^e manufacturers' statements are often 
obscure and doubtful 
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Table 5. — Quantities of soap produced, graded according to price. 


Price niT 
owt. 

) 

Proviuer. ] 

i 

Ko.uf 

furtorn'^ 

oiformg. 

Quanfity 

tiifirt'd 

per 

annum. 

Ifltab of 
umdi's 

Percf-nt- 
awj of 
gradt.,. 

Bs. 



tona. 

’ 


33 

Punjab , . . 1 

1 

82" 

‘ 



Delhi . 

2 





Central Provinecu . 

L 

4 



UO 

United Provincui * 

1 

5 

' 



5tadnu * 

1 

21U 

■ llr»1 Krndn 
1.821 

1 


Karaohl. 

1 

OfJlf 


1 

23-25 

Punjab , 

1 

:(2 


1 


Delhi * 

u 

70 

j 

! 

) 


United Pravintm . 

1 

2r<8 

1 


25-20 

Karachi, * 

a 

i.auin 


\ 


Bombay 

a 

him 1 

Medbitn 

8,191 

n-n 1 

j 


United Provlneea • 

1 

S5hJ 

1 

20-16 

Karachi. 


; tsr 


1 


Bombay , 

8 

1,574 


i 


Bengal . 

1 

3,3<H) » 

Spcond 

urado 

OSS j 


Control Provinon . 

2 ' 

1 iiO 

7,750 



Burma . . 

r# 

1 2.7un^ 


1 1 

10-12 

ICarachi. 

2 

, “I 




Bombay , 

n 

! 

» Third grodi' 

; 3,440 

1 1V‘I ' 

1 


Bomw , 

» 

1 2,08Hj 

1 

Under 12 

Bombay 

2 



j 


Bongol * 

2 

1,440 

» fiOWCHt 

i 


Central Provljicea . 

1 

225 1 

grade. 

4,430 

j ass 


Burma . 

4 

1 2,706, 

1 

1 


TOTAr. 

; 20,169 

! 80.169 

j UMTO 

1 


r.lMArR;. 


I)nr Mfiap AO'i twin 
t»Uh U Wy. Dho- 
him foiip, 0 fiiiiiill 
qtmiUity of Hnildlo 
fionp And alfont 730 
toiu toUi>t NnQp aro 
oxnlMrcL Ohi^tnid* 
pnfi> ill tirade 

la towards the lowrr 
rtiiM! in I'uch ftrodo. 
W liMrp u iHtdOTf 
pxofliicf^ tvd or 
mon* KintliM, the 
total prodiirtion hae 
iKwn dividiirl up 
anonK Mirh umUm. 
PrlrcH iin> for lOlB 
only, and nrr thrro* 
iori> nliO\T normal* 
Tlir word '* Rrade *' 
on hi*ro hai 
rHiOTMirc to 
niul not to riunlltlea* 


Tlio [trices of toilet soap are not entered since tliej,' are luostiy 
quoted Ity oakes of unstated and vaiyiug weight ; they run from 
4^ to 10, 12 and oven 14 annas per 3 cakes, hoxed or 

Tlu! taitlo of prices indicates roughly the general run of [trices. 
High-priced soaps only form onc-sixteenth of the output, while 
soaps from Rs. 10 (iu one case Rs. 8) to Rs. 20 per cwt., averaging 
about Rs. 14] arc above three-fourths (77*0 per ceirt) of the wiiule. 
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Hence 2 annas per pound, at whicli price, even in 1918, one of the 
largest firms ofiered 200 tons or more per month, may be taken as 
thenling price, with possibly a slight reduction in normal years. 
It will be noticed that Bengal does not appear until the grade of 
Bs. 20 and under ; while Burma is still more noticeable in ^e three 
lowest grades. 

The prices of imported soaps averaged £1-1'0 per cwt. for laundry 
and household soaps until recently, or, at the then exchange, Ks. 
15-12-0. Adding duty, etc., the wholesale average price in India 
would have been about Bs. 17 or 18 per cwt. Since a large 
proportion was admittedly of well known high-grade soaps priced 
at between Bs. 20 and 28, much of it was of inferior grades saleable 
wholesale, as is known, at or even below Bs. 14 per cwt. or per case 
of 108 lbs. We have here a measure of the competition to be 
met. SimiUrly, imported toilet soaps averaged till 1915 to 1916 inclu- 
sive, £3-17-6 per cwt. or, at the then exchange, 8^ annas pec lb. 

“ Soap ” is a very indefinite term and Covers ininiense qnan- 
tities of material which is merely a mixture so 
faked as to seem like true soap. Taking 
'“genuine settled” soap as the standard of bar soap with, say, 
62 per cent fatty acids (the impoctant factor in soap values) 7 per 
cent alkali, and 81 per cent moisture, saleable at present at Bs. 28 
to Bs. 30 pec cwt., it is obvious that many soaps both imported imd 
indigenous fall far below such standard, and while much is sufSciently 
good to act as a useful detergent, much is mere water and fillings 
of no value except to produce we%ht and to retain %vator. 

The table of prices shows Indian-made bar soaps nt from Bs. 8 
and Bs. 10 to Bs. 35 pec cwt., and since raw material— except 
r-osin— is fairly even in price throughout the country, it follows 
that the manufactured article is of the most diverse composition. 
For if oils and fats be taken at the low average price of Bs. 16 per 
cwt.— a price much b4low present rates— and form settled soap 
at the accepted rate for genuine soap, at three cwt. soap to two cwt. 
of oils, it i^ obvious that when caustic, fuel, labour, supervision, 
d^ceciatiou and intecest, packing and office charges, profit, etc,, 
are added, it is impossible to sell genuine soap at many of the low 
rhtes offered. Many indeed of the soaps ofieced by large and Mg li 
dass firms are of good material and m.ake, and the pnaent hope 
for the Indian industry is with these finns until the smaller moan- 
factuiecB oan be instructed. But as regards many other soaps, 
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they cannot, owing to crudeness of manufacture, bad composition,, 
bad appearance, insufficiency of fatty acids and superabundance 
of water and alkaline material, compete with imported soaps of 
similar price but better make. 

Analyses of a few soaps, of which the prices arc not stated, 
from one province show fatty acids ranging between l-j and 20 
per cent., water from 53 to 66*4 per cent., and sodium chloride from 
8*4 to 18*2. These analyses and the general prices quoted from 
that province show that they are, merely hydrated alkaline soaps, 
in which advantage is taken of the ability of saponified cocoanut 
oil to retain large quantities of water, especially when aided by 
salt and other alkalis. Examination at Calicut of many such soaps, 
mainly from the Madras Presidency, show similar characteristics ; 
soaps shrunk to half their weight and size, distorted, and disetdoured ; 
soaps coveted with suuW'liko crystals of alkali, mainly carbonate ; 
soa]>s so imperfectly made as to be acutely caustic in parts, while 
other parts are unsaponified. Some soaps are made with empirical' 
or, rather, mere guess work quantities of oils, sodium carbonate, 
and caustic lime boiled up together so that the resulting “ soap ” 
is an indefinite mass of soap, unsaponified oils, sodium carb<mate, 
calcium carbonate, and insoluble lime soap. Visits to factories in 
another province showed that the soaps were uwdc, nts is common 
ill India, by the “■ semi-lioilod ” process, a speedy and easy but 
very crude method, by which imiierfeot soaps are formed containing 
large quantities of ulkHliue liquor and the whole of the more valu- 
able glyeeriue. So far as the Madras Presidency is euncerued, many 
locally made soaps are so badly made that they cannot even deceive. 

Liquored and filled soaps are also to be found among imported, 
soaps, and partly account for the low average price of imported' 
bar soaps, but, in general, imported cheap bar soaps are so skil- 
fully niailo that they do not so readily betray low quality, being 
largely able to retain form, colour and general apjjeurancc. But 
soaps have been imported (1914) wbirh were unsaleable in Madras 
from loss of weight (50 per cent.) and consequent distortion. In 
a casft just reporti'd in England u huge iiarcctl of Itar snap niade 
“ KjjcciuUy far export ” was the subject of a suit, and was said to. 
eontuiu only 11 per cent, fatty acids and above 80 per cent, of water. 
The Judge characterized it as “ soap and wnter.*’ Other imported! 
soa]is examined ut ('alicnt showiul gross quunlitics of useless mineral 
fillings, solely intended to inereuse the weight. 



■296 


Indian Munitwns Board Haridbooh. 


It appeaxB, then, that in ordec to meet the demand for cheapueas 
and, of late, to obtain rapid and maximum profits from temporary 
high prices, Indian bat and tablet soaps of most miserable qualities 
have been flung on the market. These can be but ephemeral and 
vdll disappear -vrith the competition of imported soaps and of soaps 
locally made by instructed persons. The question then arises ■n’hcthor 
Indian-made soap can, in normal times, compete udth imported 
soap of the several classes which figure as bar and tablet (launi^ 
and household), toilet, and “others”, which include textile, harness 
and saddle soap, soft soap, etc. 

As shown above, the average prices of imported and indigenous 
bar soaps, say Bs. 16 per cwt., axe not dissimilar, and if the local 
quality can be improved, India should more than hold its own. 
The points normally fox and against the Indian industry at present 
may be summed up as follows : — 

For— 

(1) There is an abundant and increasing supply of all oils and fats, 

except the palm oils and tallow, grown along- 
factories, suitable for hard or soft 
mtagM " ‘ soaps, and in the freshest condition (sec Ap- 

pendices). 

(2) Certain of these oils, notably cocoonut, lend themselves to 
simple and rapid methods of manufacture and to the cheaper grades 
of soap, which, not’withstanding the claims of high standard soap, 
■will always he in demand. 

(3) Labour, land and oonscqueutly single-storey buildings, arc all 
cheap. 

(4) Taxation is, in comparison with other countries, low or 
nominal, especially for small factories and outside municipal areas. 

(5) The markets axe at the doors of the factories and consequently 
the expenses attending imported soaps in the way of freight, packing, 
and export charges axe absent. 

(6) Th^e is an import duty of 7^ per cent, ad mhrm. 

(7) All factories can suit their goods to local prejudices or ^visliea 
in the composition of soapf^ theic solubility in liard and bxaeki^ 
waters, appearance, perfuntes, etc. : and can produce soaxjs without 
the animal fats (beef and mutton tallows and pig fat or lord) so 
largely used in imported soaps. 

(8) Petty factories run by men instructed in Qovoxnment in- 
stitutions can be established in hundreds of ''centres, buying and 
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seUing in pmdy local maiketSi and content vnth mmimnni profits 
on a nunnte ^ed and current capital. 

(9) l^sli oils, available eitber crude or hardened for certain uses, 
are cheap. . 

Against— 

(1) There iB an absence, complete or comparative, of the masses 

niMiTiimiiiiMi ^ cheap materials which partly take the place 
of tallow, such as hitchen stuf^ mdted fats, 
bone fat and bone grease, waste greases from ships, numerons 
factories, railways, otc. ; as wdl as cotton-seed soap-stock (mucilage) 
and the low-grade oils and foots from the great oil presses, hardened 
fish oils, oto., available to the Western soap maker. 

(2) Caustic are not made in India on any sosle and must 

bo imported. 

(8) Individual fiiotories are small as compared with the immense 
and carefully organised soaperies of the West, where the manufoo- 
turers even own plantations and lines of steamers to (dieapen then 
raw material. 

(4) There are no great markets for raw mateoEuls sudi as are 
at doors of Western manufacturers, where by trade organisation 
the best goods at oompetitiou prices can be obtained m any quantity 
and on big forward oohtraots. 

(6) There is a oomx>arattvo absence of instructed soap makers 
and ohemisbs and of oxperienoed and competent foremen and soap 
artisans, such as axe universal in the West. 

(6) Ospltal is often wonting^ with the zesolt, infer oKs, that 
goods aft put on the market poor in composition and appe^ance, 
and makers ate unable to survive determined oompetitiom and the 
dumping of goods at low or cost prices. 

(7) There is 'insufficient initiative and pnrii, partly due to want 
of capital and knowledge, partly to di^uiagement in the face 
of organised competition, paj^y to tropical conditions of life. 

(8) The oanneobed industries, not merriy those of the oils and 
fats group, but of neoeasory side lines snoh as box and barrel makers, 
carton end cardboard box milkers, lithograpbio and odloux designers 
and printers on the large and espert s^e, eto., are either wanting 
or, where they exist, w^. 

(9) The xeooveoey and distilling of g^yoetine is difficult owing to 
the smallness of individual output, the expense of plant, and the 
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Isogtih and expense of lead foi paroelB of etude glycerine to central 
distillerieB. 

(10) ^e recent rise m exchange adds to othei difficulties. 

Bosin, (see page 376) produced from Bhowali and Jallo, should 
bo, for the north of India, as cheap as elsoahere. 

Umm s Brfore the war it was (quoted at Its. H-t2-0 to 
Bs. 9-0-0 for. Bhoasli, and the present very 
high pricea ore probably temporary. These compare fairly aelt 
vith roam in Bnglandat, say 10 to 11 sliillings iter evt. Hut the 
rail charge to the south atUb 00 par cent, to cfstt and hrings it 
olocia to the imported pre-war rata of Bs. 15 per ewt. 

^e important item «f tallow in diwuiiiied 

yta. 

riant need not be expensive, since for small faettirios plant 
^ such as was used In British fiictoru*s GO years 

ago is perfectly suitable ami run bo locally 
nmnufactiircd, while labcnir is so cheap that luauitul ]trurriises ran 
br adct|dtal in place of expenHive luhtiur-suving devices, l^aiul 
bring ohoap and ffru veutilathm iHsanumry iu uu liuliau cltniatr. 
singl^torey buUilings of siiuple dcstgii arc alonr needed, exev|it 
for a boiling house iu cosos where the beat modem atra^fattients 
are desired. Fuel is flirty eheep in eertein eentiie: in the north 

of ooal is close at hand and cheap; 

while wood &al hr cheap ca the Wait oceet, 
Miireover, there in connde»b]e gain in the netuxal temperatnree 
of India, both as regards the water used in aoap making, drying of 
snaps, the evai»oratinn of spent lyre for glycerine, and the adoption 
of the cold prtKUMH which iiu'tls ahsidtifrly im fm*L « 

As rsganfs dumdrantayss (see above), 

(1) Kvon the wasta gn*ascs of Wrsttvn oimntrhts arc only cheap 
_ ss i»jvipan‘d with good tallow. t*iv-war iirieri 

wSliMrtiliiTsnlitin^ ranged from 20 to 21 shillings for waste and 

bona gresses, end 20 to :)2 shillings t«>r hone 
fat. In India few oils run above 11s. IM (21 shilUiigs st Ks. 18 
per £1) in normal itmeSt «ul these reituirs no refijirineiii or nisiti- 
putation, Bvsn In India there are ocessimial suureiw id waste fats 
in huge cities and sesports, and these itioidd Iw orgniitsed. There 
are also many fnctoriea where bones are sleanieil fur fertllie« 
material tsr where bone clier is made. Although Indian bome 
ere deficient in fat, and era usually putrid st tlie factories, the fat 
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(and with it Boma coarse glue fit for size) may be recovered from 
the waste waters of the digesters. The use of lime or bleaching powder 
would lessen the local nuisance, and the grease would partly form 
lime soaps: this matter is under enquiry at Calicut, where there 
are bone factories. The cotton-seed soap-stock is procurable in 
small quantities in Bombay oil presses, but this very important 
cheap soap material, the cheapest available in America, awaits— 
as do other industries— the development of the pressing and refining 
of cotton-seed oil. 

(2) Absenoe of caustic is not very material, since in norniul 
times the purest British, 7G-77 percent., caustic is obtainable at £10 
or theroaboutH per ton in drums f.n.b., and with duty and freight, 
etc , at about £14 to £15 in Indian ports, imssibly these prices iiiny 
not be ogam reached for years. Caustic soda is houever already mude 
in India and it is possible that there will be further ilevelopuinnls 
in this line of nianufucture (see jHigt' 08). 8ince the caust^ used 
may be taken as 10 per cent, of the weight of finished soap, the 
matter is, however, not of the first pecuniary importance. Caustic 
potadi on the large scale will always be imported, but a luflldeney 
for local nerds is occasionally obtainable, os at factory centres where 
wood fuel is burnt, by leaching the wood ashes from tlie furnuces. 
Attempts have been made and should be succeseful by organization, 
at obtaining potash from municipal incinerator ash. 

(3) smallnesB of factoricH cuts both ways. Bueh factori*^ 
supplying local needs are, or recently were, mmierotis in Kiirope. In 
India where Ks. 100 nett profit per month is a decent iiicotiio for a 
small capitalist, a petty manufacturer working at boiled and cold 
process soqt, Us own azpert, buying and s^ing loeaUy, without 
office or advertisement, eommisnon, and other ovcff-heaid eaqjenses. 
may entirely distance outside competition, espeeially in toilet or 
semi-toilet soaps. But ho must be thoroughly instructed at a 
modem factory, 

(4) to (8) These disadvantages are only remediable by time, 
expoienoe, and the development of the whole oils and fats indus- 
tries. 

(0) As r^ards glycerine, most of the small factories will probably 
work on those proossses in which the ^ycerine is not separated 
but remains in iiie soap. This is a loss, linee even omde glycerine 
is twice es valuable as toap^ but the km is largely cmnpenaated 
by the ease, rapidity and c^pnass of manufactiue, by the Im- 
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piovement to the soap, and by tbe weight added to the soap by 
the nnBepacated glyoerine. Large faotones will have their own 
xeooYery plant, and experimente tend to diow ‘Uiat onide glycorino 
may be cheaply leooveiEed in this abmate without the usual vaouiiin 
plant, the omde being then sent to a central distiUery. But the 
difficulty may be toined by the establishment of a central factory 
for ^httang oils and fats, e^eoially by the castor ferment pinccss, 
m which case the glycerine would be dealt witli at the factory 
and the &,tty adds sold to small soaperies for Bapoiiiiioatiou with 
oaibonatea. 

(10) llio rise in esohonge favours impoorted mim. At an average 
of £1-1-0 pec owt, soap entered India at Bs. 10, when the pound 
Bterling was worth Bs. 16. The owt. will certainly oontinur to 
fetch Bs. 16, which will be remitted os £1-4-6, when Bs. 13 rejtrtwent 
the pound. Or oonvecBely, the exporter can afford to sell his cut. 
of soap at Be. 2 hdow his former prices, and thus defeat, pro tanto, 
the Indian producer. 

Tallow in Western countries is a most important ingredient in 
hard soaps, and in addition to largo local 
supplies IB imported in immense quantities from 
Australia and from the Aigontino, mainly mutton and beef tullous 
TeqieetLYdy. Indian soaps do not tequiro tallow in anything lik«* 
the same quantity proportLondto to soaps made, aincu vegetable 
oils (notably ooooanut), and vegetable fats or semi-fats ore abun- 
dant and cheap. lf«noovet, large dassea of Indian consumors 
demand soaps made without animal fat of any acirt, and thecae arc 
being sapjdM A large firm atates that its bar scaiis are iiiude 
eoldy frm vegetable and fats, and the cold iirooeos and sutni- 

boiled soaps axe readily so made. Henoo the tallow queaticn is 
less important in India than elaewhare. 

Owing to the leaimeas of Indian oattle and dieep, to tho com- 
parative paucity of animal food os an artide of diet, and to the 
housdidd economy which utiliaea every partide of fat in the oninial 
food used, tallow is not abundant in India, and ia hardly jitocuiitble 
exo^ at Ifljge centres of mixed population. Btatiatios for the 
country are absolute^ unobtainable. TuTeuty to thirty tons jHir 
month are the outeide estimate aa at present available on the whole 
Madras West Coast ; and as much of this is required for other |iw- 
poses, Buoh as cauUdsg ships, eto., an almost negligible quantity 
is available for soap making. But seeing that Australia is nm^ 
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doBOK to India than to England, it dioald Le easy to oigaiiize a 
diversion of part of the Auatraluin tallow to India at favourable 
prioea. Australian tallow of good quality waa offered during the 
war at Bs. 36 per cwt. and aliould shortly be much leas. 

Local tallow u of fait quality though crudely produced, vtz., 
by boiling the fatty tusues and waste pieces at the various suiall 
slaaghteE houses. The orude and impure stuff is ooUooted by 
merdumts, mdtod and strained, and sold to consumers. The pre- 
war lirioti at Calicut was Ks. 26 per owt., but has advanced to Bs. 86 
and Hs. 37. As usual, tallow is not iiifrciiucutly adulterated, 
generally with olioup stiitcfay uiateriuls This, of course, is a pure 
fraud. 


India poHseMSCH in uliundunoe oils aiul liits whioU r.iu oven advan- 
tiigt'onsly take tlio plaot' of tallow and gicuacs; 
* j tl**'** ibo Jiattia UnigifUmt f)'c4h»c/ujra 

triptya, HyAimarjiM Vuieriii %nAioa, 

and others. Ooooanut oil permits of the niaiiuiacturo of thoroughly 
firm soaps without tallow, in oombinatiori with various other oils and 
vegetable fats. For soft soaps, fish oil and stearino aro abundant 
on tho West Coast. 

Hot it is in tho hardoiiiiig of oils by hydrogoiiiitioii that a remedy 

„ , . . exists for tho liaucity of tallow. Finh <iil 

nannauiiReioua )iai<lojifd into a 


haid, iiitrdoruus '* steurino ’* of various titers, peri cot ly suitablu 
for use in soap making and otherwise, and its faint odour, siiiiilui 
to that of "composite** candles, has not changed in four years. 
Thousands of tons of oil are made annually on the Madrss West 
Coast, and more will soon be available on the Bombay coast. Fish 
otl-cum-stesrine is priced around Hs, 160 per ton, and if hardened 
at Ks. 100 per ton (£0 and loss in Wostom countries), tho cost of 
the liardenod product would )>o Hs. 12-8-0 ])cr cwt. or half the 
pre-war price of tallow. Tho vegetable oils cun HimUarly bn liard- 
«ned especially those of irlio lower gradem'wnd havr* the advantage 
that th<^ can be hardened while fresh and almost free from aci<iity. 
Buoh hardened vegotablu oils can bo used in making hanl soaps 
suitable to the markets which demand purely vegetable soaps. 
It appears, thsnfbre, that the use of hydrogonatiim, especially where 
hydrogen esn be locally obtained as a by-product in olectiDlytio 
industries under oontsmplation, will entirely oompsniate for the 
oompaiative pauoitj of tidlow. 



802 


Indum Munitions Board Banibook. 


QTlie Tn^^iA.n pfublio deiUglitB in toilet soaps, free from animal 
fat and sbioiigly peifumed. High-class import- 
ed soaps from yarious makers, and Indian- 
made soaps axe sold even in flaHing villages, and the cheaper class 
by hawkers cn railway stations, etc. As shown above, the possible 
ontpnt from a few f^ories which reported was nearly 10 nullion 
cakes. The abimdanoe and suitabihty of high-dass matenalB, the 
existence of perfnmes suited to Indian tastes, the nature of the 
indostry which can be conducted on the unall scale, and the ad 
vodorsm duty which is considerable on soaps worth £3 to £4 per owt. 
dionld give Indu a pr^onderance in this class of soaps, both for 
local use and for export. But "appearance’* both in size, shape, 
perfume, colour, gloss, beauty of design, and attractive packing, 
must be, and at the Madras Government ITaotory at Calient is being, 
oaxefuUy studied. A list of ordinary Indian perfumes is given in an 
appendhc 

For textile pniposee, and indeed for laundry work, muoK of 
the Indian soap is unfitted; but the demand 
WNssf. Buitablo soaps in the cotton and woolluu 

mills (which require separate classes of soaps) is conMulerable and 
diould ho met by Indian-made soaps. The Calicut factory luis 
Biipplied cotton mills with su(di soaps which have been declared 
satisfactory as to quality and price. 

Harness or sad^e soap is made by several Indian Amis, but 
the 1918 pnooB ohoiged ore very high, possibly because of the use 
of pota^. Soaps without potash but containing fish oil have 
been supplied from Calicut and found eminently Biitisfactory 
by military uiuts. The demand is oonsUlerable and siiould be 
met. 


Soft soaps proper, made with potash instead of soda, Itave 
been almost out of the market owing to the cost of potash. Thess 
will now be revived, and fish oil is avaUabto for a certain eUss. 
Fish oil has been considerably used by the Calicut factory in making 
a cheap inseotioidsl soda (and losin) soap in paste fonti, of very 
hl^ value and ease in use as a wash or spray cn coffee and other 
estates, mhngo trees, etc., against insect pests. 

The examination of various soaps coupled with the analyses 
AduHmiron qusntitieB mentioned above, shows that the 

gravest diffloulties arise from adulteratimi. It 
aduhcKited, that is liquored, hydrated soaps full of alkaline and 
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inert znaterial and laigdy wateCi aie imported, the local manu- 
factmer must follow amt or he Imodred out. Or, conveonely, if 
the Indian manufacturer is allowed to noake goods which he calls 
soaps, hut axe laigdy watei, salt, caxhonate, earthy materkdB, 
etc., the markets will he filled with mbhiA. It is on record that 
a good deal of the soap supplied to troops during the war gave 
rise to complaints on account of poor qualify. In any ease, the 
oonsumer is the loser, while there could he no eosport trade worth 
the name for such soaps. Seeing that the term ** soap covers 
such wide grades, e.g , in bar soap from genuine settled spap to 
merely fakes, priced at from Us. 30 per owt. to Rs. 8, while even 
toilet (imported) soap of excellent outward appearance was found to 
be a mass of earthy material, it is essentia] in the interests of 
the oonsumer, the indusbiy, and the export trade, that customs 
and legislative action be taken. This however cannot he discussed 
here. 

The enquiries made at Calicut even by considerable firms and 

various petty mannfaotuiera, actual or pro- 
posed, and the impossiblo soaps, distorted, 
diaooloured, efflorescing, of stony hardness 
or deliquesoont, acutely caustic and saline, semirBaponified, etc., 
examined there, show that there is immense peed of free 
and full instruction in the technology and economy of the 
art 

This duty is one of the immediate fixture, and it is obvious that 
snob iastruetion can only he given in woxkuig Government factories, 
since soap making in ha various olassei, grades, and operatiouB 
can only be learnt by making soap. The plant oan best he copied 
from running plants whioh have been eocpreisly worked out to 
suit small capital, local oonditlons, speciflo proeeases, partioular 
olaSBQB of Otis, and cheap labour, and the ikboratory and olaos 
teuching cim ho suited to the training of the severd grades of 
expert, manager, foreman, artisan. No private or partly private 
fartory eon or would give sucdi instruction for the developinont 
of rival factories. The giving of this public instruction after full 
experiment, the eollection of sitSoient data, and the ereotion ol 
a properly pnmded feotory, is the rai^ d*ttre and object of the 
Madras Government fSaotory at Calicut. 

Tha most uaefnl and common oils and fats suhabla for soap 
making are given below. 
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KBBBNDIS. A. 

PoB Soda Soap (Habd Soap). 

Table 1. — Oda and fata actuary tsaed %n Malabar. 


No 1 

TBngH«1i nnynm. 

Soiontifloname, 

1 

Ooooannt (dl (fine and infcnor . 
qnoUtiaa). 

Ooeu motfen. 

1 

Qrofondnot oil . 

AimhiU hfifOBea 

8 

UuotaoU ..... 

Bydnoearpiu rnghHana. 

4 

FezmaaQ 


6 

Poomn oil , 

deUaMbara irffuffa 

e 

IfnlimTi nil ..... 

Foogom oQ . . . , 

SaaatahngtfBUa 

7 

Ptmgama^t&ra 

8 

Geetoroil 

JiheMMweomjRwiii. 

0 

Dapaiob * . . . • 

Fefana tfldiee. 

10 

Tallov (metAan, beef, boflolo) . 


11 

Boelnoredlopihony « • < « 

t 

18 

Fidh tdl BteoilnB (Bozdjnejnl eteezme) 
foe mddle eoapa 

(XHfiealtmguepB 


Table 2.— OtAar oda and fata ava/dahle. 


No. 


Betentlflo name. 

1 

Gotten ell . . ' . . . 

dtaewpbiiiL 

a 

EobambnUer (mongoateeneil) . . 

1 

OmMainitaa. 

8 

ICbinalat ..... 

1 AwteZafi/We. 


ir,Rf—AR tlio oUb in TaUe 1 on abundaiit. Itomg 8 to 6 iind 7 ore alpiiudHitt In 
ibo foMBtfl ond n»d udM and coold be eeady ooUaoted bi loiKe queaiilJM. Ilia 
■nnnal ou^t of Dopa &t ba BlyMM (Shimoga Diiti!to} and wmtli Caiun h eeil* 
mated to exceed 8,000 tom. 

Table S.->EQkiun better le obtabied bi large qoaiititlN In the KonLohi Eatnaglii 
and Eorirar Dlattida la the Bombay Piceldeiuiy. It la oloo obtained bi and onund 
Goi» 
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Fob PoTAdH Soap (Soft Soap.) 

Tablb d.~ Ot7« and fals adffatty Vbtd iu Mnhlar. 

NOt nhu glirii tinmft. BclMltllilP iMuno> 

1 Onnincl mit oil . . • . Armhh kifpegfu, 

3 Nnnlinc oil (frr m) • • • Olupett tmmerin. 

3 SluricIlvoroU . ... 


Taulk 4.- ffthrr min nnd fntn nrnilnhlr. 


Englbh nuao. 

SolotitlBa Bwao. 

rottonnadoU .... 

fflanyyftw. 

TilDNad oil 

Awm utAaf^HrfMBM. 

HulHinier aoefl oil .... 

OMBoiiim tiKtIarrtu, 

l^py Rood nil. .... 

rnptlpFr MMIfl/rmni* 

HiKnrMSQduU ..... 

f/nanfm tthj/miitiv. 

liaiMiK'odoil ..... 

Brwuarti rnMjM^rM. 


APPENDIX C. 

Table 5,^Awnkbi€ per/umaf. 



EngUdiouM. 


Bpltntllh MiiHh 


1 liBlllQII|mi»oIl. 

2 din^oH . 

5 6«dilwood(ia , 

4 TJmIm oil 1 

0 Vitivtrt (Uufrkluui) 

6 BnolTpbu on • 

7 Buflimtiu oHnm lotttad 
B Tb5mol ud tlwnMB* 

Q Walugnm oU 

10 I Qlngarpuidl . 

11 PdmuoM t < 


Ogdipppffim eUnduf. 
Andmagoimanla* 
JhuUubwt affraM. 

MWfIffOVViVP HpWlBvMl 

flawra AlMBlfiiiM. 

Awofaffiu ffoBithu; 
J iia ii j | |i<ii i tffr fafaw. 

jnpmitMA 
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The Utilisation of Indian Bitterns. 

By Dr. H. E. Watson, Indian InaMOo 0 / Soienoe, Banffolorot and 
B. L. Magoinzib WiiiUS, Indusinal Okemiat to tha Chvernment 
of Bombay. 

A laige pEoportion of the salt manufaotuied in India is made 

hy the evaporation of sea water. As is well 
^^^CypotWon of ua 00^ water does not oonsiiit sololy of 

oomTnon salt (sodimn ohloride), and water, but 
oontaans a nmober of other ingredients, the more important of which 
are magnesinm ohlonde, TnagncwniTn eulphate, magnesium bromide, 
potassium ohloiide and calomm snlphate. The following table shows 
the avenge compositian of sea water m the first column and in the 
second some figures for a sample taken at Tutiooim, both being parts 
per 1,000 by wei^t: 


Tabu l.*>-ComposUi 0 n of aea isaUr ahowing porta per 1000 by wai^U 


— 

Arango. 

lUtlpunn 

soajilo. 

Sodium oUoiide [NaOL] . . . , 

S7-aa 

20*4 

yagnAfffam ohiorido ^dgOl J ..... 

8*20 

3*0 

HLaguenum talpitute [MigBOi] 

&*S5 

M 

tfugneniim bromide [MgBkJ ..... 

0*075 

■ s 

Potuiliim oMconde [K.CDQ 

0*78 

a* 

Caldumndphete^llBSOi] ...... 

1*80 

1*4 


There are not many reliable analyBes available showing the amounts 
of potassmm ohlonde gnd mugniwinTn bromide in sea water collected 
near the coast of India, but there is httle reason to expect that 
these would difier greatly from values obtained elsewhere. 
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In tihe process of salt manufacture, the salt cryatailises out, 

leaving behind a liquid which is commonly 
npo one . bitterns. These bitterns contain all 

the salts enumerated above except the cn’cium eulphate, but no 
attempt is usually made to utilise them. The genml iJiuriice is 
to retain them in tiio salt beds or feeder chfumcls of the salt 
factory, owing to the mistaken idea that their presence will in some 
way increase the yield of salt, whereas in reality they merely rctanl 
the evaporation of bnue. At the end of the season, they are 
washed away by the rain. 

Now as the annual production of common salt in India by the 
method under disouftsion is not less than 700,000 tons, it will be 
seen that the quantity nf salts wasted in thia way is very consvlerable. 
The actual figures arc:— 

TanuB 2*—Afaoi(nt of salt wmt/ii atruuaRjjf in Iwlwn hititfm 


Uognotdum dtlttridti LMftClj flUsO] . . . 

Usgnndmn militate (IT PiHoui Halts 711,0] . 

I 

FotfUMata plilorhlu tKC1J 

iirenninu [fir.] . 


These substances are all of enmnierchil inqsfrliiiiee. Mugnesiuiu 
chlonde is used mainly for dreHsing cotton thread, atifl it may altar bo 
used for making liydrochbirio acid, and metallie maguesittin. The 
ref^uirements for these put{ioses, }iowcv4«r, are comparatively smallt 
and the annual outturn at Stassfuit in Uennany, the ehief centre of 
production, is only about 15,000 Ums. Thent seems little }»rcM|*ect 
at prehuut of iucreauiig the demand, unless the use of iitagiii«(ia 
comeiitH con be ]) 0 ]iuliiriHed (see jiage 870). 

Magnesium snlpUate is made in rather larger (luautiticH Uuin 
tlic chloride, and is ehieily maid for finishing textiles. A (*crtHiii 
quantity is required for nu^ilicinal {lUrjHiwsi atul smuc is itsetl for the 
Itreparutifjn of sodium suljthate. Bi*vcral other ap|dk<alio»H liavo 
been suggested but do not a^qiear t4i bo in use. Thu (lumian ]iroduc- 
tiou was about 25, (KK) tons per annum and u coiisidarable quantity 
is also made in America. 


Todr. 

I27.tasi 

l.MNI 
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Fotatfaum olhlande u a faf mare important Bubstance than oitUei 
of the above as it is the Btortiiig pomt for the manufactnio of practi- 
cally all ih.6 potoBanm salts. Until recently, nearly tho whole 
world's snpply of these was derived from the Stassfoit deposits, 
with the resnlt that there is now a very aonte shortage of potassium 
in all fooEms. Unlike Tnngniwinm salts, potassium compornids are 
required in almost nnlimit^ amounts for & e production of fextilisors, 
and althongh the quantity given above is not very large in proportion 
to the total consumption, yet it would form a valtiable oontnbution 
to the world's sapplies. It is m foot nearly equal to the piOHont 
production of the United States, one of the largest consumerR. At 
the same tune it must be noted that this is only one-ionth of the 
pre-war oonsumptLon which reached the enormous figure of 230,000 
tons, oshmlated as KOI, so that it is evident that any potassium 
compounds made from bitterns would have to be supplomonted 
very largely by those from other souroes. 

The ease of bromine, which is mode from the magnesium bromide 
in the bitterns, is analogous to that of potassinm. Bscept for a 
certain quantity produced in the Umted States, the world's supplies 
of bromine oiigmated in Germany, There ie no production of this 
substance in the British Empire, so that it is ol great importance 
to investigate all possible sonices. ^though required only in 
relatively small quanlitieB, bromine in the fmm of potassium and 
ammonium biomideB is of great importance medicinally. The silver 
and potassium oompounds are indispensable for photogNiphlo pur- 
poses, while the element itse'f is in great demand for the maiiu- 
faotore of aniline dyes, and particularly eosine, one of the mobt 
important. 

In most salt iaotones it la usual to run the bitterns out of tho 

salt pans, when the speoiflo gravity of tho liquid 
ef muiiilec- leached 30®B. or 1*20. If the liqmir is 

ooUeoted in separate pans, and evapoiation 
allowed to oontinue, a deposit will form oonHisting of a miicturc of 
epsom salts (magnemum sulphate) and oommon salt in approscimately 
equal quantities. Owing, however, to the oooling which tokos place 
dt night, and the diminidLod solubility of magnesium sulphate in 
cold water, most of this substance wiU crystallise out during the 
nighfb vbile the common salt will deposit during the day when 
most of the evaporation ooouib. Consequently, if the crystals are 
scraped out of the pans in the morning and evening, the morning 
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crop will coiunet of fairly pure magneBium Bulphate. These crystals- 
must be purified by dissolying in hot water m lead lined pans, 
filtering the solution and coohng in wooden vessels The ciystals 
which separate are drained on a centrifuge and are then sufficiently 
pure for commercial use. 

In ordinary ciicamatances, the liquid, when about half the 
magnesium sulphate has deposited, will not evaporate further 
solar heat, and concentiation must bt* effected by boihng. This 
can be done in a crude way in on open pan, but it is far better and 
more economical to use a modem typo of vacuum evaporator* 
TVlien the specific gravity reaches about 1*325, evaporation is htopped 
and the solution is run nut and allowed to cool to about 65°G. 
During the boiling most of the magnesium eiilphate sciKiTates out 
in the form ot kieHeTi1.e, MgS 04 , IleO, together with some Fodium 
chloride, and more of the latter is de]}ositcd duiing the cooling. The 
liquid is rcmoviHl from tlio deposit and allowed to cool htill further, 
when a imhstaiico known as camallite, KQ. MgClg 0H|O, separatea 
out. ^lis contains practically all the potassium chloride, which 
can bo scqiaraiod from the magnemum chloride by treatment with 
water. Tlie liquor from winch the camallite lias separalod u now 
concentrated still furthcMr until the deiihity reachoa 1*40, solids ate 
allowed to settle, and the liquid is inn int<) drums in which it solidifies, 
forming tliu magnesium chloride of coiniuctoc. 

If it is desired to n^cover the lirniiiints chlorine tniu»t bo passed 
into the 'ost liquor before the final cmiccntrutinii and the bromine 
boiled oil. In certain gosob tbia treatment with chlorine may be 
found necessary in any case, in order to bleach the liquid, as it 
Bometimes happens that the oiganio matter present becomes charred- 
at tho high temporature of evaporation and produces blackening. 

Attention has recently been drawn to ^haraghoda on the Itann 

of Kutch, owing to the fact that magnerium 
^^l^Khanxhodt ult actually being made there with a 

considerable amount of snceess. The cemditioua 
which prevail in this locality arc remarkable, and deserve sisiciaL 
attention. Brine similar to sea brine is found in pits many miles 
from the sea. This liquid is, however, exceedingly concentrated, and^ 
frequently saturated with common salt. It also aiqwars to difier 
front sea lirinc in that it contains practically no potassium salts. 
Further analyses will be neoessaiy b^oic this fhet can be definitely 
proved, but there seems little doubt that same of the brines are 
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lemaikably defiaeiLt m potaBsiiun. Thfi bzine u allowed to e^valporate, 
And when the crop of comiaon salt has been collected, the bittems 
are nm into a second senes of pans m which the intense heat and diy 
atmosphere combine to produce an abnonnal degree of evaporation. 
The liqmd in fact becomes very hot on standing, and after a cool 
ni|^t the pans are often full ii magnesmm chlonde crystalB. An 
analysis of these has shown that th^ may contain 88 per cent, 
of GEystalhsed magnesiiun (ddonde 

These oonditUms are evidently very favourable for the prodiioti<m 
of magnesimn chlonde, as mnoh of the evaporation is carried out 
by means of solar heal^ while the absence of potassnim salts suuplifiea 
the process of purification. It is only neoessaiy to filter the liquid 
from the pans to remove mud, and boil it down to the necossaiy 
density, when the remauung sodium chlonde will deposit, and also 
praoti^y all the magnesnun sulphate in the form of kieserite* 
TVhen theee salts are allowed to settle, the clear hquid which will 
Bohdify on coobng forms the ordinary magnesium chloride of com- 
mene 


At first Bigjht, it would appear that no time should be lost in 


Prospects if the 
ililtteni IsdiutiT lo 
liidlB. 


maJnng use of some of these valuable produota 
which are at present wasted The problem ia, 
however, by no means simple and no pro- 


nouncement oan be made until a rehable oafal- 


mata oan be formed of the eooncnmo conditiohs which will result 
after the war. It must be lemembeied that there is already a 
great over piodnotion of magnesium salts, so that if the foreign, 
article is allowed free aooess to this oountry, competition will be of 
the severest type, and profits a Tninimiini . any oaee, there oan be 
no question of export, unless a prcdubitive tariS is imposed upon 
the German producte. 

The impotts of magnedhun sulphate and chlonde into Bombay 
in 1914-16 were 1,700 tons and 2,700 tons re^ectiveLy, while practi- 
CBilly none was imported into the rest of India, liiese quantitieB 
are insignificant when compared with the amounts which oonld 
potentully he made, but at l^e same time they eeem large enough to 
warrant the establishment of one or two faotones. 

A great obstade to the development of the industry is the soax- 
oity of fuel and often of freeh watm m the immediate nei^bouihood 
of the salt factories, while the transportation of the bittema to a 
locality any distanoe-^way is hardly praotioable, NevertheleBB^ these 
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coQBideratioiiB do not affect tlie case of magneBLum aulpliate, beoanae 
as already pointed out, tbia aobstance can be obtained in a oiyatalline 
form in the salt pane It ia true that by no meana the whole of the 
magneaium aulphate present in the blttema can be extracted in this 
way, but this is of no conaeqnence owing to the innnense q^nantitiea 
available. If every salt fa^ozy neat Bombay were to run off its 
bitteina into bittern pana and collect the xnagneBiuTn sulphate, 
ample auppUea for the whole of India could be obtained at a cost 
hardly exceeding that of common salt, say at Bs, 5 per ton for a 
product containing at least 60 per cent, of epaom salts. This could 
be washed in bnne and transported in gunnies to a central refinery. 
As the pre-war price of the article was Bs. 60 per ton (it ia now 
Rb. 200), there should be on ample margin for the costs of transport 
and refining. 

The case tti magncHiiim chloride ih not quite so simple. A 
factory on the aite of the salt pans ia necessary for its production, 
and fuel is required. If the evaporation by solar heat ia carried as 
far as ia ordinarily possible, it will be neceassry to evaporate about 
S*40 toiiK of water per ton of product^ and the amount of 

wood couHUDicd should not be more than 2| tons, and might be 
reduced to about one-sixth of this quantity. 

Two powihlp centres suggest themselves, vu., Bombay and 
Kharaghoda. At the former place, removal of potasaium salts 
would be uecoHHary, but this operation is not one of great difficulty, 
and requires hardly any extra fuel; moreover, if the potassium 
salts were worked up, an additional source of profit might result. 
At Kharaghoda, fuel ia dearer, but last , would be required than 
in Bombay owing to the abnormal evaporation already mention«d. 
On the other hi^, water is scarce, and there are heavy freight 
ebaigoa to pay both on empty dronAa for containing the salt, and 
on the product itself. Before mther site was selected, careful estunatea* 
of the above quantities would have to be drawn up. Any site on 
the east eoai>t is almost out of the question owing to the ^h costs 
of carriage. 

The recovery of the potassium salts is a matter of stiU greater 
difficulty. Assuming that the sea water near Bombay has the 
normal composition, the quantity of potassium chloride which 
would result as a by-product in the preparation of ma g nesiu m 
chloride would amount only to 200 tona per annum. Kow the- 
pndndiion of epsom silts and magneidum chloride Involves only 
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very simple opeiatLcmB whioh oozi be earned oat by piaoUcally 
* mtfllnlled labou, but the oaae of the potaaeium salts is muoh muie 
complex than might appear from the very brief desciiption of the 
process j^ieady given Consequently, the extra sapervision chiu'ges 
necessary woiild probably more thw absorb any profits On the 
other hand, the production of the potassium salts as a primary 
product on a large scale might prove a success and the possibilities 
should be carefully ezammed. 

Finally, there lemauiB the question of bromine. This is a most 
•corrosive and dsngerous substance, its preparation requires elaboniio 
apparatus and dose Bupemsicu, and it is very doubtful if it could 
^le successfully manufactured m this count^. Bromine in the 
iorm of its salts can of course be recovered and transported os buch 
to a central refinery. 

To Bummarise'— 

(1) it should be possible to produce ample supplies of epsom salts 

for the oountiy’s requirements, at a pnoe which woiihl 
defeat all ontside competition ; 

(2) magnesium ohlonde is avadable in quantities fur more than 

sufficient for present neede, and if unou^ core is ]imd 
to the sdection of a site ffir a factory, its manuractuxo 
has a good chsnco of becoming a commercial hugoohs; 

(3) the questaon of potassiiun salts deserves further mvestiga- 

tion, and the prospects of this industry cannot be foie- 
told until eoonomio conditions become settled ; 

(4) it IS doubtful if bromine could be successfully manufactured 

m this country at present. 
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Ily II. A F. Mu8c.'k\vu, fiuperuitendcntt OoLerntneni Teel JSoube, 
AUjmret niid il. F. Davy, Deputy Huperinlcndenl. 

The PortlatHl ceineut industiy really fonuH part of the larger 

lime and cement hidustiy, which includes 
lime, both * fat * and hydranlici ao called 
'natural cement * and Portland cement. The present nomenclatare 
of UmcH and remonts is a little vague and there is also a consider- 
able need fur ha\'ing them graded in a more definite way than 
Vicat's dasHiih’aiitHi uffonlH, so that consumers may liave a clearer 
idea of what they are using. At prosuiLt, Portland cement u tlie 
only material of tbo cIosh which is governed by a rigid aiid complete 
spedfication. Next to Portland cement rank the natural oemontH, 
which may be almoat anything from good hydsaulic limes to 
cements but little inferior in strength and hydiaulio properties to 
Portland cement. After this come the hydraulic liiMi which 
contain BtiU loss clayey matter in combination with the Ihne and 
then the * fat ' bmes which are practically pure calcium carbonate. 
Limes sold us hydraulic are sometimeB * £st ’ limeSi containing 
a proportion of Hand, which are more hydraulic in name than 
anything rise. 

Portland cement itaelf may be ** natural " in so far as it is made 
from limestones containing the requisite proportion of dayey matter 
without farther addiUons, the great point being that the method 
employed in the prepeiation and bui^g of the raw material and 
the grinding of the elinker must be such that the finished product 
complies with the rigid pxovielons of specifications designed to 
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Beonie a oemeat of tihe leq^infiLte qiialitj. Those piOTisioxia are such 
that it IB impoBBible to piodiioe Portland oement on a commercial 
scale ^thoTit the use of eztensiye znachineEj and without having 
raw of fair uniformity. It is true that hydiauhc limes 

may be bumt m country kilns and require no subsequent grinding, 
while useful natuzal cements are produced without the aid of very 
daborate machmery, hut these latter are inferior to Portland 
cement, and are apt to be variable m quality. 

It IS necessary to mention these distincrions because inquiries 
are constantly being recaved from people who seem to consider 
that any deposLts of ghootmg stones, kankar, or hme and clay, in 
juzta-position in a convenient distnot, oan be transformed into 
Portland cement with the aid of a plant oosting a few thousand 
rupees end that no special knowledge of the subject is necessary. 
This is very far from bemg the case and a warmng may not be 
superfluous. For many classes of work, however, a cementing 
material of the strengih of Portland oement is not necessary and 
there is plenty of scope for cheaper cements of guaranteed quality. 
More attention mig^t well be directed to this branch of industrial 
enterprise 

At the time of the outbreak of the present war there wore no 

factories m India produoiiig oemeut up to 
-5S5LJ! ' i.*ilS!? the lequuementB of Uie British slondAld 

speoifioation. The works of the Eatni Cement 
Company and those of the Indian Cement Company at Porbandar 
were, it is true, under constmction and almost ready to commence 
xnanufuture for the market, but they did not start fully till 191^, 
while the Bundi works were making hydraulio lime, the present 
works not bemg in full swing 1916. When it is coiv- 
sideorad that vertioal kiln oement manufacture dates from 1A51, 
that the mote modern rotary kdn processes have been in operation 
in other countnes sinoe 1885, that India has been a great and inoioas* 
Ing user of cement for many years and that conditions are favourable 
to manufacture, it is very suiprising that up till the outbreak of the 
wax this country had been entirely dependent on foreign countries 
for its Portland cement But the stimnlatmg mfluenoe of the wor 
has been noticeable in this industry; ariating finwa are anxious to- 
inorease their plant, small concerns are bei^ improved and there 
is more than one project for a new faotoiy undaf ooiuddetation or 
actually in pmoess of completion 
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The following table ehowe the erfcent to which oemeat waa 
leqmied in India even befoie the war: — 


Toila shomng the imfcrta of emmt wOo India. 


Yeu. 



OoMEtl 

mporti. 

Ooramiiant 

Btoni. 

Total 

importB. 

1918-U 


• 

Oerts. 

8,080,872 

Chrti. 

670^088 

Ovta. 

8,600,904 

1014-16 

■ 

■ 

8,800,461 

416,088 

8,814,470 

1910-ie 

• 

• 

8,082.600 

£10,870 

2,849,881 

1016-17 

9 

m 

1,787,764 

108,096 

1,000,880 

1017-18 

• 

m 

1,076,106 

80,768 

1,711,887 


After the war, when work at preeent m abeyanoe will be con- 
tinued, zequxreinents will be greater than ever. The use of fecro- 
conoretey compaiativtily new even in the western world, is extending 
very rapidly, bridges and heavy stmotnral work of all kinds and 
even ships being made of it. It has even been said that the steel 
age is.now giving place to the coment and sted age, the feziO'Coni^e 
age. Comparatively littlo has been done as yet in India, but little 
foresight is required to predict a great expansion of this olass of work. 
This in itsdU will prov^ a big market for Portland cements The 
opening up of Hesopotamia iwill also afEord a large sale for Indian 
cement, it be available. 

Little need be said of the present production of cement because 

this is fully dealt with in the "Beport on 
tuSS^ ** ******" ^ortlwid cement of Indian manufaotnre ** which 

was issued recently. The total output of the 
throe chief films, tw., the Bundi Hydraulic Lime and Cement 
Cumpuiy, Lakheri, the Katni Cement and Industrial Company, 
Eatni, and tho Indian Cement Company, Potbandar, is now 1,600,000 
cwts. per annum, and tho whole of this was distributed by the 
Muniti^ Board. As tho bulk of it was of neeessity being taken lor 
war and other Qoyemment purposes but little has hitherto been avail- 
able for the private consumer. The output of these fiwtoriss being 
very much diort of present demands even, it will obviously not suffice 
for future requiremente, and there is st^ room for additional works 
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in oihieQC parts of Lidia. The size of the oonntiy rendets it imperative 
that 'worke ehonld he distribated in sooh a way that long lail leads 
from the factory to oonatraotional ntes are avoided A factory 
more oi less on the gpot u able to supply at a much lower cost than 
either the importer of "Bin g liah or foreign cement or the manufaoturer 
situated in another port of the peninsula. At presentt there are 
many important oentrM which ore hundreds of miles from the nearest 
footory. For ezamplOf Calcutta, a port and therefore oonvemently 
situated from the point of view of the importer, is over 6C0 miles 
from Katni, the nearest existing works , the Patna distnct is .300 
miles from the sea and almost the same distance from Katm; 
Lucknow is over 600 miles from Calcutta and about 350 miles from 
either Bundi or Eatni works ; while with the possible exception of the 
IdadiBB works, the output of which is m any case out of all propor- 
tion to its needs, the whole of India south of Katni is without a 
works producing Portland cement to British standard speoilica- 
tLon 

Many other examples could be given but these may serve to 
emphasue the point sufBciently well. As regards Bengal and Biliot 
and Orissa, the position is hkely to be much improved in the near 
future. The Oiisaa Cement Company’s works at Garh Madhupur 
on the Bengal Nagpur Bailway, 220 miles from Calcutta, are being 
reorganised so as to improve the quality of the natural cement 
made there and with a view to the ultiniate production of Portland 
oement if poanble, and it is proposed to erect a Portland cement 
factory with a capacity of 60,000 tons per aimuin on the Bengal 
Na^ur Railway, less than 800 miles from Calcutta. As I have 
said, the location of sites is not always easy, but necessary materials 
are available and it should not be an imiiossililu ninttor to find suit* 
able sitaations. It is to be hoped tliat the next few years will see 
the present state of affairs radically ohanged so that each iinfiorUnt 
district will be supplied from a factory near at hand. 


When suitable dopositB have been obtamed in a place convenient 


Fod cii4 lafem* 


for distribution, the next iiupurtaiit factor is 
the price at which fuol con bo driivered at 


the works. Eacdi ton of cement roquitoH between eight end ten 
cwts. of coal for its manufacture, and the price is therefuxe of first 
importaaoe. The question of labour presents little dilBoulty ; couly 
labour is available almost everywhere and skilled and serntriEillod 
labour can be atfaraoted. 
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The effect on Portland cement of the higher tempecatuiee and 


Qfeef ol cUmatfl; 


other atmospheric conditions which rule m 
most parte of India is not veiy marked, bat 


the low humidity which obtains especially durmg the hot weather 


mouths in most districts sometimes calls for remedial expedients 
on the part of the manufacturer. The combination of 
temperature and hi|di humidity during wet weather also affects 
the quality of cement, espec^y if stored carelessly for long 
periods, but this is common to all cement alike, whether made 


locally or imported. 


In other respects, iho chmate has little effect The setting of 
cement is, however, like most ohemical ootione, aoceloiated hy heat, 
and the regulation of the settmg tmie, one of the principal difficulties 
with which uiaimfootiirers in all countries have to contend, requires 
especial care in India. Modem spociffoations demand low erpan- 
sion, high strength and extreme fineness, together with slow set^g 
properties and at the aaine time regulate the amount of gypsum 
to be used for controlling the settmg time. Pmeness of grinding 
tends to lower expansion, hasten setting, and improve strength. 
The finer a cement is ground the quicker it sets; spreading power 
and oonsequent economy are also increased The tendency now- 


adays is to demand a much more finely ground cement than formerly. 


and in the Pritish Btandard speoiftoatiou for 1916 the residue on a 
180 mesh was reduced from 18 per cent, permitted by the 1910 
issue to 14 per cent. The production of a cement at once slow 
setting at tropical temperatures and finely ground, conditions 
mutually antagonistiG, is thus rendered more di&ult. Inspte of 
this, manufacturers in India have been snocessful in meeting all 
conditions. In the interesto of manufacturers and users alike, 


however, the issue of a standard spedfication for India on the lines 
of the British standard i^eoifioation is under consideration, and it 
is also proposed to grade Ibnee and natural oement. 


It does not appear to be generally xooognised that the testing of 
oement cannot be carried out by any but a specialist and that the 
tenrile strength test, however important, is not by itself suffident 
to enable a correct opinion to be formed. Teste made by individual 
engineers under serrioe oonditions and with local materials ard" 
indeed of themimost value as indioating what itrengths are likdy 
to be obtained on the partioular work in hand, but for this purpose 

Omsbinx tests of 6 onbns nf VAmr nm<»b valna titan 
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tensile tests on briquettes. Such, tests must, however, be considered a& 
additional and as in no waf taking the place of the standard test of 
quality. 

To sum up, the present position of the Portland cement industry 
is fairly satisfactory. Existing companies have proved that excell- 
ent cement can be made in India at a profit and as the prejudice 
against the Indian product has been overcome, the way is now 
clear for further development. Both internal and external condi- 
tions after the war are likely to he favourable to the industry. 
The demand will be heavy ; owing to the demands for British cement 
for reconstruction purposes in Europe, the amount available for 
exjjort to India will probably be small, and conditions in the United 
Kingdom and high freights are likely to keep the price of iini)orte<l 
cement far above the pre-war level. To a lesser extent, the co.st 
of freight will keep up the price of Japanese and Hongkong cement 
also. TliCvSe conditions will assist manufacturers in India at a 
tinui, when keen competition from abroad might have been very 
detrimental to the industry. 



Lac. 


Bv E. CL Akboboe, 1.CS., 

Aiatefant Dircetor-Cteneral of Cmuicfcud Intdttffenee, 

% 

lioe, the miiioTiB excretion of (‘crtain ficnlc iiiHrutK, has bom iiii 
article of ceqiort for luoro than three coiitiirioH. Although tho tnio lao 
and other rcnii noercting inM*rt<4 occur chiC'M'horo, tho comiiu'rcinl 
prcKluotion of lac in any form in rcHtrictinl to Ijidia (iiicliuliitg iliiniift), 
Biatii and Indo-tliina. Iiidu- China and Siam t<^1hor prohiibly 
•only supply about 2 per cent, to S{ per cent, of the total piquet ton 
of atioil^i and even of thie quantity a oonaiderable pfopordoD ia 
exported to India viA the Straits Settlements for manufacture into 
flhellao. Thus the total export of aticklao from Siam between 1210 
and 1916 was as followa:*-'- 


Tablb of i^icklftc irtm nntl Fremh In^o^Ohima. 
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Importa of aticklao from the Straits SettlemetitB into British 
Lidia in recent years are shown below ‘ — 


Tabih 2 -^Importa of sUehlao from the Straits Setdements into British 

India. 


Tmt 

Cwt. 

leis-is 

■ 

« ■ • 

• 

■ 

■ 

• 

S.201 

1918-14 . 

• 

• k * 


• 

• 

• 

13,808 

1014-16 , 


■ ■ ■ 

« 

* 

• 


• 0T7 

1016-10 . 

• 

• « P 

t 


■ 

m 

2,110 

1010-17 . 

• 

■ * p 

« 

• 


m 

80,874 


An ayerage crop of stioldac from all sonxces is probably well 
om 726,000 owt., from which it will appear how considerable a 
monopoly is hdd by this country. 

There are four main lao-producing areas in Indu* vie. : — (1) the 
nhLiLiiiix.. Central India area, indudiug the ChattisgarU, 
Nagpur and other divisioneL in the Central 
Broyinoes, Ghota Nagpur and adjacent distnots of Orissa and Bengal 
and the north-eastem forests of Hyderabad State ; (2) Sind ; (8) 
Oentnd Assam and (4) Upper Burma and the Bhan ^tes. Lac 
is grown in other areas, as for exam^e in certain distrlota of the 
Frmjab, but large quantities are colleoted only m these four aresh. 
Of these the most important is the large and soatbered area in and 
around the Central ij^vmoes, from which the manufacturers draw 
the bulk of tiieir suppHea. The raw stioildao is manufacturod into 
ahellao in a large number of small factories m the United ProvincoH, 
Bengal and Bihar, the most important looahtiee being Mirzapur, 
Balarampur, Tmamganj, Fakur and JbeJda. In addition to theeo, 
there are two oonoems in Bengal where maohmo-made ahellac 
is manuiaotniod by patent proceasea. 

The xnaeot ooours on a large number of difierent trees, and the 
nature of the host ia a moht important factor in the produotion of 
good lao. The best ia grown on the hiuunA {SoldeMura trilvga), 
but the her {Ziayplw p^iiha), poZas {Butea frondosa), sirie {Athiaia 
Zshheh), and ptpid {Jifim r^igios^ haye all been reconmiended for 
the propagal^ of the inseot. In the Oentral Provinoea, lao is 
largely found on the huimb and poZss trees, but in Sind it is chiefly 
grown on the hohid (Aoaoia arabiea). 
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It lias long been lecogniacd that there are Boveial inBocts o£ the 
genus Tadiaidia which produce lao. Tire most important is T. 
Utcea Eerr, bnt T. fici, Gr. and T. albisziae, Or. are also said to yield 
lao on a oommeroiol scale, It has been found that the Sind Aohu! 
lao has not thrived wh«i transferred to halnil trees in Bihar, and it 
is probable that the various grades of lac are not due solely to Ihe 
trees on which the insects feed, but probably oven more to the fact 
that they are produced by different species of the lao insect. The 
question is however, one which has not been at all thoroughly investi- 
gated, though it is of vary coiuidcrahle practical iniixirtance, the 
various spcoics having not only differing food plants but alsi> differing 
seasons. 

It is not propo«»d to disciiHs here in detail the pirklueliari iimI 
M ■laj.inM nianufactun* of shellac, but. a hliorl. dtwrii^ 
™ * tion of iho methods employed, aiul the xurioiis 

stages through which tlie materia! pusses, will be iief'essazy* O'* 
icferenee will have to ho made hereafter to certain points rdatittg to 
this sabjeot, which are at present disputed or which require fuller 
invesrigation. The ordinary process is briefly as follows The 
raw znaterud (f.e., the lac incrusted round the twigs of the tree frmn 
which it has been obtained, or sticklao) is first of all removed fniiii 
the twigs, leaving only a mnall quantity of wood adhering. The 
lao is Gion ground and sifted, the dust being wqMimtietl, after which 
it is washed free of dye and the rmultnnt Hi*cdlact drU*d and gradiNl 
into gmhular and Jvtf. The scetllao is tlwii nmiinfactured into 
riiellao by fusing it ‘before a fire, A Miiall quantity of or])iineiit 
(trisulpbide of arsenic) is frequently added to produce (ho light 
yellow cohmr required in the finer grades of shellac, and a small 
admixture of ro^ is also sometimes made to lower the melting 
point) and the mixture is fused by twisting it in long narrow hags 
before an open fire. The molten lao squeeaed through the bags 
is, when suf&iiently roasted, placed on a porcelain cylinder containing 
hot water and spread out uniformly by means of a ribbon of palm 
leaf into a thin sheet. The lao is now removed from the cylinder, 
trimmed into a reetangulac form, and atietched out into a still 
thinner iheet. When cold, these riieeta arc assorted according to 
colour, and thick plecei, impurities, etc., are broken out, tha rejected 
portions being r^laced int he bap for re-meltittg. In tha oaae of 
garnet lao, which can only be made from Aaiim ^ Baagoon iticb- 
lac, if it is to have tha required ruby tint, the fnem used to be 
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mnoh the Bame, but the lac wbb not again etretohed after being 
lesnored from the cjlinder, Gtamet loo ie, however, no longer made 
by hand, and ita manuEaotnxe la now conJBned to the apint or ** wet ” 
proceaa. In the caae of button lao (which is ididlac in everything 
but form) the molten material la dropped on to a amooth surface 
instead of being stretched. 

The principal commercial forma of lao are, (1) stiekiao (the 
crude materifd) ; (2) seeSkto or gratudao (etLoklao crushed, washed 
and dried, in the proooas of manufacture into shellac) ; (8) 

(vunouB grades of the manufactvuied article in flakes) ; (4) btiltoH ho 
and lOTigue lao (the aamo, but melted into button or tongue shape). 
It can he made torn any grade of atioklao, but is usually from a medium 
to good) ; (l>) gamet ito (dark rod loo melted into thin slab form 
but not reduced to flakes. It is usually made to contain 10 per rent, 
rosin, but can be made pure. Lower qualities of this and of button- 
lao can also bo mode by an admixture of lao refuse) ; (6) kiri (the 
rrraduo left in tho bags after the molting process, which contaius a 
percentage of lao, soinetimos as much as HO per cent, or even inoro). 

Tho jireocBH above described, as practised in tho small uji-Ctinutry 
faotoiioB, demands ooneadenible drill and appears to bo on the wliide 
very satisfootoxy. It is goncially admitted that madhino-inade lac 
cannot Bucoetsfully compete, at any rate in oertain grades, with the 
hand-made article. fox dehberato adulteration (of which 

there is unfortunately a great deal when the demand is large), hand* 
made diellao seems to bo all that is requited for the various purposes 
to which lao is put, and no complaints are raised by eonsiiinera, 
except os regards adulteration. 

Those purposes are many and vaiions, and have increased snr- 
prisingly during tho last few years. Badilea 
its use m tho manufacture of gramophone 
records, aealiAg wax, buttons, lithographic inks, corundum and 
emery wheels, imitation ivory, oil dctii, etc., and as a constituent 
of vauuhea and pdishos and a stiffening for silk and straw hats, 
shellac is now employed in the making of electric insulatcrs and 
explorivcB, and has thorofora become an essential military uecesiity. 
In India shellao or its residuaiy by-products (such as kiW) are very 
widely used for the making of bangles, braoelets and toys, m a 
oement, for tho ornmnentation of ivory or metalware, for flUing oxna* 
rnenti, fostening the hafts to swords, eto., and in the manufaetm 
of innumcialdo artides of oomraon domestic use in the viUagas. 



The me of ahdlac m the manufacture of militaiy requintes 
“brouglLt it into great prominence during the war, and onangementB 
had to be made to eecure sufficient supplies fbr the Ministiy of 
Munitions. The annual requirements were estimated at 60,000 
owt., to be distributed amongst the various allied Oovemments and 
by agreement with the shellao shippers in Calcutta a scheme was 
introduced m January 1917, whereby the shipment of lac was 
prohibited to all destmations, but licenses were freely given on 
condition that against every export on private account a consign- 
ment of shellac corresponding to 20 per ceui of the quantity 
exported, and of a certain npecnfied quality, was guaranteed to 
'Government at a fixed f.o,b. pnce ofBs. 42 per maund of 82^*5 lbs. 
Owmg to the dilfioiilty of obtaining suffirient quantities of the 
'Gtovenunent quahty, tlie Ministry of^Muiutions eventually agrerd 
to tako a certain portion of their rc<{iiirenients in Cotnnicivial T. 117. 
London standard. Tho Govonunont pereontago is calculated on 
the amount of shdlao in each variety of lac cavorted, the fixed 
standard being 00 per cent, in the case of seedlao, 70 per cent, in 
that of BtiaklM, and 40 per cent, for refuse lao. Through the co- 
operation of the ihellao shippers, this scheiue has worked very 
BUGcessfully and has nmulted in tho supplying of 80,000 owt. to the 
Ministry of MumtioiiB m 22 months since January 1017, a quantity 
'Which seemB to have been fully safficient for all purposes. 

The organization of tho tdiellac trade has been cnUi'ixed on 

iv.it H account of the number of middlemen involved. 

Tou orgaiuniui. collectors of sticklac sdl to hanm 

interested in the trade {arkntm), who supply the small manih 
facturers, and between tho latter and the actual riiippers hmken 
again intervene. The whole chain is financed by the usual q^stem 
of advBnoQB, even the small manufacturer frequently receiving 
advanoes frmn a Calcutta broker and binding hunsrif to supply 
that broker only in lotum. It is obvions, however, that soch 
oritioum is ill-founded. Under ordinary ooiiditionB, the division 
of labour and oonsequent division of ri^ is essential in a modern 
industry, and it is clear that the broker plays a necessary part in 
bringing buyer and seller together and is entitled to a riiars in the 
profits of the industry. Were the buyer to take steps to enter into 
direct rriarions with the seller or sieesersd, he would dearly be 
entitled to an increased profit on account of inonoied labour and 
increased risk. By oo-opention among the sallars the mofossil 
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broket mi^t be elinunflted, the 'whole body of co-opetatoiB becoming: 
their own broker, but in that case there would arise the difBcultjr 
already ^enenoed in many mdustnes that an increase in prcifits 
is Tue^ly followed by a reduction of labour, and in conseguenoo the 
total output would be proportionateil^ reduced. On the whole, 
there does not seem to be any reason to suppose that the trade eoiilrl 
be orgaoued more economi^y than at present 

In ‘the export trade, 'the shellao is usually sold on three or four 
months’ sip^t drafts— «ts, 3 months on shipments to Europe luifl 
4 months on shipmentB to the United States of America, — ogaiiibt 
letters of credit m Loudon It is o,i£ to Europe and o.f. to Iho 
United States of America, the importers of that country goucrally 
piefextmg to arrange for inBurance themsolves. Oocasionally fvimll 
quantities are sold on oonBia|ment, but this is not frequent. 

The importance of the sSSao trade is illustrated by tho tigiirra 
given below. It will bo noticed that expfirts 
* ^ have very greatiy increased since the {HTioti 

preceding the last ten years, the increase m the value of the trudi* 
being accentuated by the nse m prices on account of tho war. 


Tublb 8.*^iBpoffs of mamtfaoMred lac {jshElac and button lac) by 
from Bntuh India to foreign oounince. 
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of sfaoklao and otbeE kinds (inoludmg seedlac, hiri 
D.), are reiy small, as shovn below : — 


'^ooporta of tuunaaiufaeSurcd lac (atutklae and other hinda). 
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scan from the aboyo table that, althongh prices have 
rckblj, there has been no marked ineieaso of cx^iorts 
ixfaotored article of recent years. 

>£ laodye have for seveial years piaotioally ceased, 
oparate figores are not available for this article, but 
ox preoodLig years will show that such exports are 


Tablb ti,^^SxportB of lae-4ye. 
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The total value of the eoipoirt trade now amounts to over 3J 
•oiores, and even though this figute is partly due to the inflation oi 
prices on account of the war, it will he seen that even ten years ago 
-the value of the trade was 2{ cmres. The foUowing table will 
.make this dear. 


Tablb 6 — TaUd taapariB of lac from BriM India h\f 9ca, 
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Imports are of course very small, and are praotmally limited 
to the regular unporta of stioiklao from Siam and Indo China vid 
the Straits SettlementB, In 1668-69, the total imports of lao of 
oil lands amounted only to 1,238 cwts., valued at Bs. 19,814. 
Ten yeaas later, the imp^ of stioiklao were only 660 owts. vdued 
at Bs. 13f630. By 1888'89 they had risen to 1,846 owts valued at 
Bs. 40,646, and in 1898-99 they stood at 1,662 owts. valued at Bs. 
87,004. The flgores for the last ten yesxs an glyeu bdow, those 
from 1908-09 to 1911-12 lepresentiiig imports of stiddao, and there- 
-after for stick and soedlae oonobined. 



Tablh 7.— Jmpoffs of Uo into Britbih India hj wl 
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It is difficult to finme cay aconiate OBtimate of loe production 

r on account of the difficulty of obtaining ro- 

^ liable infonnation as to the etioklac crop. 

The whole trade would undoubtedly benefit very greatly if aconnito fore- 
caste of the crop were regularly available, but there are very groat 
(lifiioulties in the ^way of preparing such forecasts. The ehellao 
trade hae always been highly epeonlative, and accurate reports as 
to the proi^eetB of the crop woi^ minimise the frequent and wide 
variationB in the market value of the artiole. thtoffidal attempts 
have BometimeB been made by penoni interested in the trade to 
foreoaet the various oropsi and recently forecasts by ICr. Lucas 
have* appeared for the '*ByBaki'\ "Ka^i" and "Kushmi” crops 
{vida '* Oapilal ** for April 19fh and November 8th 1916). In these, 
the ** Bya^i “ crop was esthnated at 476,000 maunds,* or (reckoning 
18 seerB of ahellac to every znaund of eticklac) 218,760 maunds of 
shellac or about 107,000 obeets. The **Kat3ri" and "Kuslinii” 
crops are eetSmated at 191,000 maunds and 116,000 maunds respec- 
tively, or, taking the fezmer at the rate of 16 seen to a maund of 
ehellao and the latter at 3S seem, 76,400 (88,200 oaeas) afid 6S^0 
(81,900 oasea} rMpectively.' These latter crops arc, however, little mote 


* 1 ovt. m 1 A nuHiads, 
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-thau 8 aouias ctopB, and an average crop ma^ be zongbly taken to 
'be ae follows : — 

Tabui 8 — Satinate of average total stuMao erop 


Fhoe of origin 

Ifidutpropa^ 

Byaala orop 

JotllWft ■ ■ * ■ * * 
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or 751,567 <wtik 


PraotioeJly tbe whole of this qnaatily is xnannfaottired in India, 
only some 10,000 mannds being eaqioited from Siam and Il^renoh 
Indo<Ghma direct to Bozope, ^isire are thna left 1,015,000 maiuids 
•of BticldaG, which will give zon^^ tihe qnanti^r of afaellao ibowu 
below ; — 

Tablb of average frodwhion of ahaUttc, 
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To tihu figure muat be added about 7,000 tnauuds of TurU which 
will in tom give about 8,500 maunds of ahellac, zoaking a totul of 

478.000 maunds or 360,733 cwta. of shellac available for export, or 

289.000 cases, giving a monthly export of about 20,000 cases. This is 
rather above the average, but the difference is occoniitod for hy the 
very considerahle intemid oonsumption of the vorioua forms of l,tc. 

This production might be abnosb indefinitely increased. Kteps 
.. ^ ^ already being taken in Hyderabad State 

oesN pro ofl. increase is practically 

only limited by the amount of labour available. In the past, the 
difficulty and expense of obtaining healthy brood-lac has het^ii a 
eenous obstade to the extending of loo cultivation, and the cntahlish- 
ment of nurseries for the supply of such brood-lac in various ccutrt‘s 
has been frequently recommended. At present, it is not unusual fur 
a lessee who has received a conooBsion for collecting lao in a mtiiin 
tract to strip the forest of lao in the year in which his lease oxpirin, 
leaving practically nothing to propagate the insect afresh. Ifilse- 
where the ^tem of KTolties exists, the royalty sometimes varying 
aocoocdingto the price of diellac in CaJentta. This rystem, however, 
appears to have been very unsuccessful in Burma and Ainam, and to havo 
1^ to a very Heavy fall in exports. Qoiierally speaking, luc is 
cultivated and not merely collected wild in the forest, and a fine 
upon the cultivation of a particular article is bound to influence 
the cultivator in deciding what crop to cultivate. There is also 
the great likdihood that, when a royalty is imposed from tho toji, 
it will grow greater as it passes through the various chaansls on 
account of the exactions practised by stiboidinates, until it assumes 
proportions which may weigh very heavily on the cultivator. The 
lolution of tho whole Acuity wotild appear to he the direct leasing 
>f collecting rights to the actual oultivator, so far as possible, and 
he exdttsion of a certain percentage of brood-loo from the conoession, 
his quantity being reserved by the lessor for the propagation of 
he next crop. 

Ih addition to the question of the leasing of oonceasions, the 
most important problems connected wHh the 
<^!SnStitif, * lao trade are, first, adulteration, and, second, 

the form in which the article may best be ex- 
erted. Of these, the fosmer is by £u the more serious, the latter 
eing now, it may safety be eaid, pzaoticalty eettied, Complaints 
n tee score of adulteration have been m^e from tee United 
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TTing ^nni j fEoui the United States of America, and in ralciitta 
but not entirely on the gionnds. In tlio United Kini^lom 
attention has been dueoted to huge admixture of roHin foiiiit 
in much exported shellaOi and it has booi hUgg(*Htt*d that th 
siinplest method of dealing mth thia would be the Htatidardixatitii 
of the several forms in whiidi lac is exported. It is gcnerafl 
stated or assumed that an admixture of roHiu (up to 8 pi* 
cent.) u necessary for the manufacturo of Hlielliw, but it i 
alleged that, when prices are high, ahoUac may be adulteratiHl wit 
anything up to 60 per cent, of rosin. In the first idacc, it dis* 
not appear to be true that rosin is neceNsary, and it certainly i 
not used in all factories. It is perhaps reqiiintd to sriftcn old Hth^fcln 
which has been left unmanufactured for 4 or 5 years, when sue 
stacklao is not refined by the spirit proccHS, lint there » nothin 
to show that it is requii^ in any other caw^ Oti the other ham 
there is undoubtedly a certain demand tor a inixtun* of msut aTi> 
lao for oertain purposes, and in such cases it is a eonfusiiin of tmn 
to speak of adulteration, the mixture beuig siinijly a IiU'ihI and ihj 
adtdleraied lao at all In any cose, the remedy lim not in the dcfiitin 
of standards (as such standards aln«dy exist anil an* uell estnL 
lished), but with the importers. These eaii safegiianl tlieniM«lvr 
by insistang not only that contracts shonhl roiilniu a rlauw* ditrlarin 
the percentage of rosin allowed (if any) and gimranteeitig |iuril 
under dumical analysis, but also that a penalty sliimid be exartc 
on any import of riiellao wliich contains nioio than a isertein fixe 
percentage This has been done in the United States of Amerki 
where an admixture of 3 per cent, rosin is allowed in U. Id, / 
T. N. (oorrespondmg to l^ndou T. K.), hut in the ratw of N. 1 
T. N. and "superfine’* grades Ahe slteUac must be pure, and 
special penally is iiiiliotcd by the Hhellac Iniportent* Ansiriatic 
if any shelloo is imported containbig more tlinii 5 jier cent, mail 
In London, on the other hand, altlioiiglL sonic of the contract fom 
were modified in 1901 by the utsortion of a clause restricting tl 
rosin admixturo for bIicIIm to 3 per cent, and fur garnet to Ifi pi 
cent., ,no such olaiiso was inserted regarding button lac, and n 
penalty was insisted on to proveiii the import of private standai 
marks containing a far greater porcnita^ The luiult of tb 
omission has naturally been that it is open to an nnprinciple 
importer to buy rosinous riiellao and sdl it to the small 
who is unable to afford to buy on ohttnieal analyaia, as tha pui 
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artvde A furiihar difficulty baa sometimes arisen througb tbe 
difieieiit resulta obtained by Calcutta and Loadou analyses, although 
the Calcutta and American analyses seem to be identical This 
is a pomt which could probably be best dealt with by a shellao 
asBocUtion, the institution of which is recommended below 

With regard to America, the question of adulteration assumes 
a totally different form, lii this case, no difficulty is expeiieuced 
with regard to losinous shellac on account of the strict regulations 
and severe penalties mentioned above, but complaint is made that 
a considerable percentage of other impuntics is frequently found. 
There is no doubt that such complaints are welt-founded. During 
the last few years it has been fou^ that molasses, powdered clay, 
powdered lac refuse, and flour Imve been mixed with the shelhio, 
and that by the use of unusually porous cloth bugs in tbe melting 
process a large proportion of tiie inipuritlcH in grain liio 0020 out 
into the refined shellac. Th^Caloutta shellae contract contains a 
danse gnaranteeing the shellao not to contain mors than a certain 
percentage' of roftn tmH other mpuriHee, the penally befog 6 annas 
per mau^ for every 1 per cent, up to 4 per cent, above the eilowad 
amount, and Be. 1 per maund for every one per cent, in ezoees. 
flhdlao has, however, only been tested for rosin, and the guarantee 
regarding other impurities has hitherto boon a dead letter. Recimtly 
some firms have aitompted to insist upon this clause, hut certain 
others have hdd back, th(‘ custom of the trade being at present in 

favour of the latter. In such a case, it would undoubMIy be of 

great benefit to the trade if there were a zieoguised shellao assooia- 
tion which could decide such pofota as this. Xfltiideatf that it 
would concern itself only with the policing of the trsde, standsidiia* 
tion of oontraets, arbitration and Idndzed matters, there is no reason , 
to believe that the formation of such an association would meet with 
any opposition. 

The second point which has raised considerable dispute in this 

country is the foim in which the export should 

' be nmdo. It has been urged on more than one 

oocasioii, and even in semi-official publicatioua, that there seems to be 
no reason why 10 h^ge a proporton of the lac exported should be 
laboriously converted into shellae instaad of being exported as seed- 
lac, the oonsumen befog themselves able to make any addition 
required for qtsefol purposes. It is aigusd that a oiesa grain lac 
free from dirt should answer the puiposs of manr consunaari bafetap 
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tihan aliellac. Thu contention ifl baned upon the ff»IIoMiiig nh^iiii]{ 
twnB vtf, (1) that seedlac is a purer article than hlieliar, the latti 
being adulterated by roain and orpimenti (2) that M^edlnc: noiU< 
be as suitable to the consumer as shellac and ih only not umiI l 1 elU 1 l^ 
it IB not <known ; (8) that seedlac docs not " Idor k '* in 
Thus Mr Furan Singh, Chemist to the Forest IteM^iiri'h institute 
DdiiarDim, ^mite m 1911 '* Grainlac waslit'd as nhove is uh pHs 
as ehellao lor most mduHtml purposes It euutaiio per rent 

of resin, no colourmg matter and only about 3 per rent, of forrigi 
impuntiea. The lao consumer has, m many instil iirrh^ .still to h 
convmced that for his purpoacB this refined f^ruiii lur ts us gtiuil u 
his preaeiLt ahellao ” All these three clunns ou ludjiilf of hh'iIIs* 
appear to be mistaken. In the first place, hpeilfur i.'i the eimditioi 
of the raw material after washing and beforu inaiiiuhietiirr. It rtm 
many uppuiitieB which arc left in the hnEfS hIumi the lur i 
roasted, and all these would ho present lu the eN|Nirftd M^Hllue 
The assumption that shellao must contain uii uiliuixtiire of iox|i 
is certauily wrong: there may be present a mo.iII peiuMMiftigi* o 
natural tree rosin, but this will bo equally pn'M^nt in (Ih* siMtllHe 
and, as has been mentioned above, the further iidiniKtum fif nasii 
to lower the melting pomt is not a neoesbity of mittmiaetiire. Tie 
United States of Amezioa insists upon reuciving (iiirt* shell urn 
button lao for all suporfine grades. Shnilarly, the ttthiiixUirr n 
orpiment is a matter of appeaianoo and is made to gtvo the rt«i|uisiti 
orange tint. In the finest quality shellac there is )»metitiilly iuhk 
( pec^ps t per cent.), and in button lao none at uJI AhuiufiiHuri'ri 
are sometnneB asked to add orpinuuit, wliieli euniioi rightly he 
regarded as an adulterant. The oujiieulioii tluil <%••*•< Hue hi pimi 
than shellao, or even as pure as hhellac, euiiiiol. hold water. 

Secondly, it is certainly nut the niise that ihe miimuiier wiMihi 
ordinarily find seodlao suitable for all or numt of his piirtuiscM, if hi 
knew of it The United Slates Shdluo Importers' AsMcehtiinn (whiel' 
]B the largest association of its kind and which repn^wnttH 1hi 
interestB of the importers of all furuiM of lac) hiiH given its opuikni 
on this pomt that seedlac has its pur))OHnH hut would not mihstitute foi 
lao in ^ell form, which for geuoral jiuriioses is mqH*rior to iho seiHl 
form. The London Shellao As&ociatiou Iloh expreHnud an iilontk’al 
opmion. Even without this catuguiioal denial of the oUim, it 
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would be a vezy unsafe assumption that the buyers of an artide 
like lac are unaware of the form most suitable for their require- 
ments 

Thixdlyi it appears to be erroneous to claim that secdlao does not 
"block” (t.«, coagulate into a solid mubs) during transit. The 
whole weight of the evidence of those persons most concerned with 
the trade is that aeedlac ”bbcka” as readily as diellac or even 
more so. Unolly, those who urge the superior daims of seedlao 
as an artide of export lose sight of two most important points, 
vk. i (1) that seedlao becomes insoluble very much more readily 
than either stioklao or ahellao (manufaoturets therefore ordinarily 
protect themsdves against a loss by converting stick into seedlao 
only in such quantities as can be immediately converted into shellac) 
and (2) that a general substitution of scodlac fur shclloo in the 
consuming markets would moan the ruin not only of the shellac 
induatiy but also of all those industries which rely upon the by- 
products of didlao Ci,s., Jairi, which is used in the bangle and braodet- 
malriTig indastneB) for their raw mateiiaL In view of these facts, 
the whole question may now be regarded as defbiitdy settled* 

There are a number of other questions coimeotod with the lao 
. industry which canno# be discussed hero in 

Lsesye. detail. For example, the qucHtioii of the lao 
dye is of great uitoroiit inasmuch as it was originally almost wholly 
for the ^noiluotiou of the dye that lao was collected. In recent years, 
the export of lao-dyes has disappeared, both on aooount nf the com" 
petition of synthetio dye and because of the vastly increased number 
«f uses to which the reain can be put. The djye is still said to be 
used for artistic rugs and sons in certain parts of India in preference 
to the ^thetio artide, and if this is so it is oortainlv regrsttable 
that praotioally all the lao dye produced is at present thrown away. 
It has been suggested that the dye liquor mi^t be used as a manure, 
on acoount of the rich supply of nitr^en contained in it, but though 
some attempts have been made to establish this on a commeroifd 
basiB they have hitherto been unsacoessfoL This has apparently 
been due to the absence of a aoficient quantity of phosphates in 
the dyfr<oakeB, and it is probable that although the dye liquor may 
have a higji manurial value if ion straight on to the flel^ and allowed 
to decompose there, the dry dy^oakee have for less value for the 
fiurpoie. 
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Again, there is a certain demand for lac wax, which is said to 

^oot polishes. The wax is not, 
however, ordiuarilj separated from the resin 
in. the manufacture of shellac, and when so separated (as in the 
spirit process) the value of the resultant lac resin as shellac is said 
to be inferior. Further investigation of this and Icindred questions, 
however, would very possibly have valuable results, and it cannot 
be said to be certain that the fullest possible use is yet being made 
in India of the natural monopoly of the lac industry. 
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An Arsumeiit for a Chang^e in the Lac Industry, 

By W. a. FRAYaouTH, F.O.8. 

Birector^ Eeociet Tannin Eesearrh factory^ Mnikar, 

India possesses in her lac, tiie monopoly of a raw piodnot which 
may be regarded as essential in the arts and tnanufaoturee of Europe 
and Amoioa. The writer knows of the ocourrenee of lao as hu( 
east as the Mekong valley and in f^ain, but ho has not heard of 
Its occurrenro beyond the western confliien of India, while the fimt 
attempt to introduce it into Coylon ia just being made* It does 
not ooeui north of the Himalayas. The largest production is from 
Ghota Eagpur, Cehtral India, the Central Provinces, Sind and 
Burma. 

The lao inseel^ a small louse (eoeevs facoa), appears embedded 
in«A resinouB incrustation on the young twigs of very many species 
in the forests of India, but for practical purposefs the trees from 
which it is gathered are;— 

SehUirhora trijuga: Kwam: — ^tho incruHtation is thick and 
pale yellow in colour. The insect is healthy and strong 
and may be moved from the Kusam to all other lilceily 
qpedea, 

Zizy]^ut osylopjfnu: G'AofU s-allows a very healthy insect 
to develop and the young brood epre^e both upwards 
and downwards on the tree. This tree afiorde the best 
home for lao from a commeteial point of view. 

Altai frondoea: Dhaki PaZos*.— in favourable years, the 
yield of resin is large, hut the brood on this spooieB is very 
lubjeot to destruction by frost or storm. The resin is 
darker than that from Kusam or Qhont. The greater 
part of the lao of India is produced on this tree. 

Fkut rdigioia! PipaZ often produces large quantities but 
the resin is always dark in colour. 

Aottota arabm: Babul yields large quantitfoe of lao in 
Bind 



336 


IvidMHi Board Handbook. 


Twice m each year, ike laivae swaim from the body of the 

mother mseot (below the leein) and each little 
^il|ln and Krowth dl attaohee itsdf to the nearest 

favoxaahle spot by inserting its probosciB into 
the tender bark of a yomig twig. Drawing its sustenance from the 
sap bdow the bark, it starts at once to esude a resmous semi-liquid 
from under the scale, which slowly wdUs up all round the growing 
insect until, with the exception of a breathmg tube, (appearing 
as a white filament abore the resm), each insect appoam buried 
in a dome of resin After two or tbee months, the male uinccta 
(some of which are winged) emerge backwards up the breathing 
passages, crawl over the resin, and enter the feniale cells. After 
an aotivity of about a wedE the males die and leave the mother 
inseots in their incrustation of resin, which increases then in such 
quantities that the single domes of resin merge together to une 
mass, which usually oompletdy envelopes the twig. This is tlim 
st/ibHae, The mother insect increasos enonnouBly in sise afUT Ibis 
and is found to contain large quantities of a thick rod li(|iiid which 
eventually granulates to a mass (over 1,000 to each xnutlter) <i£ larvae. 
At this stage, the outside of the incrustation on the twig shews yellow 
spots. If the hiandhes be cut now and placed on otiior iroes, a week 
or so later the new brood will escape and will fasten itself on new 
branches of the same or another tree, lb is possible to move this 
broodlao great distances. 

This oyde is repeated twice in each year, but the time of each 
swarming differs greatly in difierent parts of India and liurina. 
In Oentaal India, the imt swmm emerges in mid-July and luafures 
in early November, whan it emerges to form the brood which matures 
in the next July Excqrtional divcrgonco from the usual dates has 
led some investigators to suggest more than two swarms in mch 
year. There ore, however, only two swarms. Much has liecn 
wzitten about pests destroying tiie lao, hut none of those damage 
the resin proper and need not be foared from a commercial isiini of 
view. Extreme ohangos in temperatuze, frost and great heat will 
destroy a brood and thus cause loss to tiie lao cultivator. If ho 
avails himsdf of nature's arrangements to multiply the yield of Iae» 
that IS, if he spreads aU broodtao tfi wth crop, ho need not fear the 
periodic failure of the brood. 

It has boon customary for centuries for the Indian lac colleotM 
to take his crop while the incrustation is soft and wet and before the 
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larvae eecape. The ahdiao xnanufeoturar and those who wish to 
melt the ream demand this green *' lac because of the low melting 
point of the resin in such aticklac, but it is this pendstent destruc- 
tion of the brood which has kept lac os an expensive article of com- 
merce and has led to periodic shortage of supply, thus playing 
into the hands of those who have used lac as a pawn with tihich to 
gamble If the inomstation bo left on the trees, or if the tujgs 
covered with lac are cut and moved to other trees at the time of 
Bwanning of the larvae, not only can a lull yield of resin be obtained, 
but the cultivator leaves the brood to produce flush refdn. At 
present, however, the greater bulk of the lac of India is taken 
before it is mature. 

The collector cuts off the young branches covered with lor and 
scrapes the iumistation away from the stick, 
IsdSi?"*" ** "”***' larvae have swarmed from such Inc, it 

is possible to obtain a clean lac contuiniiig ns 
much as 86 per cent, reein. The usual " stiokleo ** (free fh>m aticks) 
which reaches the markets does not contain more than 60 per cent, 
ol nuin. Adulteration and weighting with sand and ashes is common 
at thiH stage, in spite of the fhet that the lao buyer in extreiiicly 
expert and always discounts moisture, sand, stick and other foreign 
matter. This docs not scorn to stop tleliborate adulteration, however. 

This raw lac is received in the fdiellao factories of hliiaaptir, 
Funilia or Calcutta and is there crushed in stuiio chntkis ” or roller 
mills, great care being taken not to ov(m-miHh and ho prodme 
dust* The crushed piquet is known as hatdta vhturu The 
evenly<broken grains mizsd with immature larvae (lao dye) and 
other foreign matter, Is then mixed with water in a large stone 
basin. The workman enters thh basin and with a special swirling 
action of the feet, rubs the grains of resin against the rough side of 
the stone bowl, triturating all soluble and semi-soluble matter away 
from the resin. A weak alkali is usually added to the water, Tho 
water is changed from time to time by decantation, after allowing 
the grains of min to settle, and finally the rosin is dntimsl in u 
cloth free from all matter that is carried away by ilie water. Tlio 
effluent water used to be settled end tho red sludge from the 
bottom of the settler was ptesud into oakss of loo dye. There is 
no longer any demand for lac dye, for it is of little use exoept 
as a for woollen fabrics, and cannot In the writer^s opinion ever 
compete with aniline dyes. 
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Aitev drymg in tlie Ban, ^th extreme oaze to prevent incipient 
melting of tiie grainB of lao, tlie wodied dkaurx, still containing some 
Animal residueB and parfaioles of stick, ib passed to women-workerR, 
vko mnnov it over straw trays. By two separate jigging motions, 
all stiok and flnfi, and again sand are removed, leaving a remarkably 
elean piodnot {aafa chmsn) consistiiig of bright and clean grains of 
resm. Many analyses of this product have shown from 94 per 
oent. to 96 per cent, of lao soluble in warm alcohol 

This '^giainlao” or “seedlao” is gradually finding favour with 
aonsumeiB of loo, who formerly used “buttonlac and “shdloo” 
and consumers m America buy it on on analysis basis, allowing 5 
per cent, of insoluble matter but penalising any insoluble inattor 
above this figure. 

l^e diellao manufacturer in Mirsapur or olsowhero docs not 

C 1 .. 1 I.. 1^1“® product, but continiios his proem 

OOicmaaMm. ^ aeodlao. with wUk.li 

some pine rosin and powdered oipiinent aro usually mixed* is fill«<l 
mto cotton cloth tubes usually about 60 foot in length. Tlio one 
end of the filled tube is f^ened to a small hand windlass which 
is kept twisting by a woman operator. The otlier end of the 
tube IB hdd in the left hand by the harigarf tlie man who 
melts the lao, who is seated at the lax end of a furnace. This 
consists of a ohorooal fire on a hearth, which is domed above to 
reverberate the heat through an opening running the full length of 
the front of the fomaoe, which thus throws its railiant heat on 
to the tube. The cotton tube filled with lao hangs below this r>|>en 
front of the fomaoe, being suspended botwoon a peg or hump at the 
one end of hearth and at the other end of the furnace, from the hand 
of the harigar. There is a clean slab of stone below the tulm with 
a long depression ooutoining water. 

As the tube turns, exposing oonstantly fresh surfaces to the 
radiant heat of the fuinaoe, the harigar resists thS tomion with hla 
eft hand. Qradually, the 1 m in the tube molta and exudes through 
ihe pores of the cloth. As soon os the molten r%n apiiearif, the 
'sarigar sorapes it up with an iron spatula, often allowing somo to 
Itop on the wet stone below, often upping the nioas on his spatula 
ato the water; and so lathers and mixes the half molten loo and water 
nto a plasbio mass. This is again put upon the ever-turning bag and 
is oonstantly lathered. During this mixing a lolativoly high degree 
of radiant heat (110” C.) reaves the loo, but the presenoe of water 
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in the TnmM keeps the average temperature just below 100** 0. The 
last efforts to muc the melting mass <^uiobdy end in a few rapid 
strokes to gather the ** gob *' of lac to the spatula and so on to a 
glased cylinder (of glased earthenware or galvanised iron) which 
stands ready and warm at the hangafe side. At onoe» another 
workman using a strip of palm leaf in his two hands, pulls the gob 
of plastic lac down over the cylinder, thus producing a skin of lao 
measuring about 80 inches long by fifteen inches wide. This skin 
IS taken off the cylinder with a skilful jerk, and the stretcher, fixing 
a toe of each foot in the lower end and holding the top edge in his 
two hands and mouth, gradually stretdhes the sheet out to a big 
.skin 3 feet long and 8 feet wide. Throughout this operation, the 
skin of lao must he kept warm with oooasioxial movements towards 
the fire which “aimoala*' the lao and keeps up the plastic condi- 
tion, which is oHsential if fine shellac is to result. 

The stretohed idieeta of lao are laid in a hoap and when cold and 
hard, they are broken up and picked over carefully to remove all 
spota and thiok pieces. The result is the ihellao of oommene. 
When no pine rosin has been used, the produot is sold as fure 
ehtillac When the plastic loo is dropped in little lots on to a poUshod 
surface, the result is button lac. When dropped on tea plantain 
stalk, ** tongue ’* lao is the result. 

As the melting jurocecds, the unmoltahle residual matter is pushed 
Along Inside the tube, tho constant turning gradually squeesing out 
most of the lac. This residual matter aoeumulatea a^ must he 
removed. In order to do this, the htfigoit oauses a " kink ** to form 
in the tube beyond the unm^ble reeidus and thus isolates it 
from the lac farther ahead. After scraping all moltSKi lao off the 
tube at the top, he stabs the bag and causes the half-molten residue 
to exude on to the wet stone below. An assiitant pioks up this 
hlocdc-looking matter and shapes it into a large ** plaque.*' This 
'is then known «m "kiW." It usually contains about 05 per cent, 
of lac soluble in warn alcohol. 

Considerable quantities of this and other residual matter con- 
taining lao were exported to central Europe before the war, where 
the facilities for use of pure cdoohd for industrial purposes per- 
mitted the manufacturer of cheap polishes to dissolve the lao in 
these residues in extractor plants. In some oases, the alcohol 
was driven off to produce a fairly pale lao, hut usually sufficient 
alcohol was left in to produce In mixture with other xssins and dyes. 
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mahogany FrenoK polidi. Some of these leddnea aie treated in 
Calonbta 'with hot spirit to produce a very dark-ied coloured lao 
called ''gametlac” There are two such works in Calcutta, 
Mesers. Angrio Brothers, and Qalstauns. 


Much the greater part of the lao that leaves India is m the form 
Th .ri 4 M ^ orange shellac, known as T. N. 

' (originally the mark of a firm called Tulatam 
Naturam), and nearly the whole of this common shriloc is made 
from lao that grows on the polos tree. Those who deal in lac in 
London standardise a sample each year, representing the averuge 
quohty of the lots of common sheUao which arrive from India. 
Quotations of the price of lao axe made on this T. N. basis, 
both m London and in Calcutta, and there axe many spooulutors 
who gamble on the T. N. quotation in both markets. The original 
cause of the great fluctuations in price of shellac are the poriodio 
failures of the loo crop which are so intensified hy the ooUootion of 
lao befoie the young insect gets a chance to propagate a now hrootl. 
Tot there have been years when the amount of lao exported fnnn 
India was too mnoh for ouiient consumption, s.p., 322,000 oaww 
in 1900 ; but it is likely that while the world would not buy ull 
this lao at the tdativdy high prioes, which lao has been sold for many 
years (from GOs. to 100s. pet owt.), yet if clean lao were ofEerod front 
India at lower, and above all, steady prices, there would probably 
always be a demand fox this nseful resin. Wo might even hoim 1i^ 
find an outlet for doable the quantity of the 1908-00 otops vrbudi 
may be estimated at about a million maunds of oloaii raw lac. It 
is certam that many manufacturois refrain fiom beginning to use 
shellac when it is ii^tivriy cheap, booanso of tho ever prosoiit fear 
of a sudden rise in pnoe. During the year 1903-04, tho price of 
shellac rose to 230s. per owt., and the stocks of London dropjMid ns 
low as 12,000 oheets, while the oxeessive prodnotion of 1008-00 
ledflced the prioo to 60s. and left 100,000 ohosts in stock m Londen 
in 1911. Quite exceptionid prices were reached during the wnr,, 
even 400s. per owt., being exceeded. 


Several very complete dhemiool examinations have been mafia 
of loo by Farnax, Hooper and others and it is known that the ordinary 
lao of stioklao oonsisfcs of (a) two resinous substanoee, one being 
^insoluble, while the other is soluble in ether, (6) a wax, (c) a colouring 
'matter named Bxythxolaooiu, and (d) watw. 
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Many ezhanstiva lesearcheB have been conducted irith a view 
to producing a snbBtitnte for lac bnt with no succeeL The oonanzner 
will always buy pure Uo, if be can get it at a low and steady price. 
Thus it does not appear probable that any artificial substitute will 
ever displace lac in the arts and manufactures of the world, so long 
as pure lac is ofiered in Europe at or below 60if. per cwt. 

When the consumer abroad takes lac as shdlaG or button lac or 
grainlac into his works, in nearly every case, he makes a sohition of 
lac either in alcohol (for wood polidies, metal lacquers, the lining 
of a shell, etc.) ; or in borax (for the stiffening of felt hats and 
similar uses), or in soda ash and water (for the preparation of 
traits Utc), ^us, directly it is taken into use, it does not matter 
in the slightest what the original form may have been. Shellac in 
flakes will dissolve a trifle quicker than button lac, and grainlac 
shews a trifle more insoluble matter, but as most riiellac contains 
even up to S per cent, impuritiss, the oareful manufacturer must 
filter hxB solution of lae in any oase. The extra impuritieB in 
grainlac have been allowed for in the purchase price, but on the 
other hand, a single inspection of gminlao is suflioient to make 
sure that it contains no pine rosin or other foreign reeiii, and so 
there is every inducement to the consumer abroad to buy grainlac 
instead of Aollac 

There aro exceptional uses for lac, where a very pure and apotlesa 
ahallac or button lae m required, for instance in the manufacture of 
gramophone records or oth^ ''vuloonite" mixtures, and here some 
shellao will always be required. 

For the manufacture of white lac, the plain washed grainlac 
is paitionlsrly suitahle. After solution in soda ash and water, the 
solution is filtered and the filtnte is bleached by the addition of 
chlorine water. The wax in the lac precipitates during the bleaching,, 
and can be filtered off or left in the brew. To reach the exact point, 
where the solution has had Just enough of chlorine and no more 
xaquireB great skill. The bleacher then adds hydrochloric add 
slowlfy to the brew wbieh pradpitates a white cloud of bleached 
lac. On vsldiig the temperature, the bleached lac coagulates and 
can be lifted out of tbs solution and washed, worked up to big 
"hanks” of a material (exactiylike white "Edinburgh Bo6k**]k 
which Is soluhle in alcohol to yii^ a pale transparant polish. A very 
large amount of the lao In I^la is converted into white lao abroad. 
It is unlikely that white lao will ever be manufactured in India,, 
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because it remains liard only at low temperatures. It is an addi- 
tive compound of lac and cblorine and it rapidly deteriorates with 
heat. It is stored and moved in barrels of water in Europe. Lately, 
American manufacturers have washed and dried the first precipitate, 
thus supplying white lac in a powdered form. 

Under the circumstances that clean washed grainlac can be 
•cultivated, collected, cleaned, and refined, and landed in Loirdon at 
under 40s. per cwt., after leaving good profits in the hands of forest 
•owners, collectors and manufacturers, while it is impossible to land 
shellac or the melted forms in Europe at less than 55s. (if the forest 
■owners, collector and manufacturer are to make any profit), it is 
to be seriously considered whether it would not he better for thfise 
interested in lac in India to aim to produce large quajititi('-s of re- 
fined but not melted lac, at a regular low price than to work as they 
■do. There is little doubt that such a policy \vould eliminate the 
gambling element in the lac trade and thus make it safer for the 
Indian industrialist. 
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Standard Lac Products. 

Bt Qilbsbt J. Fowlbb, D.So., F.I.O. 

Indian InatiMo of Seienctti Baugahre. 

As explaiued in tho foregoing articles, stick ' lac as it occurs 

in the forest consists of three main constituents ; 
lodutilv.* ***** ** *** outermost portion of tho in- 

cnislation, lao wax, immediately surrounding 
the body of the lac insoct, and lac dye mainly present in the body 
of the insect ^self. By the indigenous methods of nuniufaoture. 
lao is pzoduoea containing undefined percentages of wax and adderl 
rosin ; the wax is not separately reoomred at all, and the dye, if it 
is reoovered, is sold in cakes containing an indefinite percentage of 
dye mixed with wax, impure resin, organio matter derived from 
insoel. bodies and ordinary dirt, 

Tho best brands of dioUao have a fairly constant oompositioii, 

but tliey ore not prcjJBtod with any siiocial 
flflVnyip if isfnflw***^* hnowlodgo of, or regard for, portioulor trade 

reiiuiremonts. Tho hatting trado, e.^., xoquiros 
lao oontainixig a certain known percentage of rosin and wax in 
order to obtain the neoeisaxy pliability. BifiEerent kinds of hats in 
fact require different mixtures. A diflersnt quality again is 
required for gramophone records, while for varnish, freedom from 
colour is in many cases essential. For lacquering metals and 
French polishing wood, pure Uc-vami^ ooutaining no added 
rosin is best adapted. For.sealing wax and the coloured lacs used 
for toys and various fonns of art work, special material is again 
requir^. It is evident, therefore, that the line of development in 
tho lao industry lies in ths direction of standardisation. 

Bne of the first diffloulties in obtaining satisfactory lac of standard 
quality, especially for varnishes, ii the elimination of colouring matter 
which tends to darken the lao. The colouring matter in crude stick 

lao is present, broadly speaking, in three condi- 
" wateiMwluble dye, which can be 
extracted by ordinary washing espeoisUy in 
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alkalme Bolutiozis ; as a l^e oi organio compoimd piao- 
-tioally uBolnble in watei and alodhol and only partly soluble in 
weak alkali, and as a colouiing matter in the lao-iemn itself, also 
insoluble in water and weak alkali, but soluble in alcohol. Strong 
alTcftTi of oourse will attack the lao ream. It may not be generally 
known that the only praotioable method, apart from bleaohmg, so fiur 
used for removing this colour from lao reain, is the method actually 
employed by the mdigenous worker, me, melting with Bnl|dudo of 
arsenic There is no doubt that a definite reaction takes place re> 
Bultmg in the elimination of the odour and the best brands of shellac, 

, D C , owe their freedom from ooloux to this process Once the 
lao IB made mto varnish, it is exceedingly difficult to remove this 
colour by any practicable chemical piocosB. In order to luodiioc 
oolour^free vatiu^ from seed lao, therefore, without lecouise to the 
method of melting with oipunent, actual bleaching witli hypo- 
•ohlorite, os described in the artiele by Mr. iFraymouth, would appear 
to be necessary, though, where expense is a secondary considera- 
tion, dueot treatment of the varnish by various procipitonts Is 

1*01 every other purpose except the production of pale varnishes, 
the colour still present in well washed seed 
-ip^ lac ifl of no moment. What is important is the 

percentage of ream and woz, whioh should 
at any rate be definite and oonstant for any given purpose as 
explained above This oonstonoy of composition con only bo attained 
with exactitude by means of solvent prooessos. By odd solution 
in dcohol the loo con be separated from the wax, and from the 
reaidne after oold treatment with alcohol the wax can bo extracted 
with hot alcohol and added along with rosm in any deairod propor- 
tion to tho main alooholio solution of lao. From the vomiiffi thus 
obtained of the required composition, the alcohol can bo distilled 
'OfE and the residual lao pspaxed m a suitable form for market. Tho 
above piooess, though apparently simple, roqurros spooial equipmonfa 
and scientific supervudon, as the numipulation of lao in bulk is by 
no means easy, anid mistakes may easily bo mode resulting in intraot- 
able masses of infusible burnt resin. 

An important possibility is the podnotion of soft loo in bulk 
s ft 1 certain pooeBsea in tho hatting and Idting 

^ industries This material whMi is obtained by 

;tieatment of lao with alkali under eertaia oonditions can be made of 
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any degTGO of pliability and ia very useful as a basis for felting for 
soft bats, slipper boles, etc. 

From tlio crude oake dye sold in tho baaaai at an anna or two 
2 >Qr pound, it is ^^ossiblfl by simple uietbods to 
^ ^ ' obtain a second grade lac vamisb, a satis- 
factory loo wax urbich bus similar properties, and v(mld bsvo similar 
value, to bero wax, and a preparation of bto dyo of approximately 
eonstant oompcsition. Lao dye is one of the fastest and brightest 
reds for dyeing silk and wool, and by suitable mordants it can be 
made to give a pleasing ])ink shudo to cotton. If supplied in a 
reasonably jniru state, it sliould tborefuie find ooiisiderable appli- 
cation, The crude cuke dyo is nt iiresHUt practically a waste pro- 
duct Its HOioTitilic treatment with u yiohl uf three valuable pro- 
ducts is likely, tlioiefm'o, to bo an immediately [irofitablc undertaking. 

Tbo working up of seed Inc into slandard prmluctrt lunda huger 

capital ihiui is nuinirod fur dealing with crtulc 

of ttelae InduSiy.^^ fiimuciul success depends to 

a groat extent on the establishiiig of sbellao 
prices wbiob at presimt are liable to great variation. The cause 
of this is to be found partly in the ]>reieiit oonriitions under 
which luu is prorhicud, hb duscrihed by Mr, Fiaymouth, and partly 
ill spoculutivu liolding uf stoetk. If tho first cuiiso could ho eliminated 
by more scientific luothods of cultivation, there would he less 
inducement for the scound to o])cruUs uiul India, with tho raw 
material in the country and \vith cheap uluohol in unlimited omountii, 
could by intdligunt eu-ojieratiun with consumers Itold practioally a 
monopoly of ait incniusingly valuable staple product. 

RrfmnvuB, 

'*Tlio Mamifactiuru of VatiiiKliCH and Kindred Industries, Vcl. 
111., by l^ivtiriiv imd MidutOhh (T. Bcotl, Qroetivood and Co.) 
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The Glue and Gelatine Industry. 


By Giluekt J. Kowusb, F.l.C. 

Indian InatUute of likiewe, Bantjnlore, 


Tho glue and golatino iudunti^ » really Ijound n]! nith tlic 
productioii of bouo tnanurei tlieiio product h boitig related nafollouH 
Glue ia obtained by boiling bonnH ^vitU water midfr prcHMirur 
after removing the fat. Tho reaultiiig lif|utir 
pr2lttct^^ ^ fitted jji olarifiod and iivajiorutwl. N/ir in Inpiid nr 

Heml-Holid glno. (ivlathw ih a it^flned fctrui of 
glue and ia boot obtained from HiiiewH (or fioin laati'N fnint which tho 
mineral matter lion been Kuparutud by aidilH) by Iroatincnt with lime, 
wroehiug, bloaohing with HulpkiiniuH acid. HtcHtiiiiig, clarifying and 
evaporating. Bimc 9neal in obtuiiual by grifuling tho n«Hiduat boiica 
after extracting the glue, and ooiittiHlK iiminlv of phoHpIinto of litiic, 
whioh may be sold diroot uh a manure or eouvrrti*d into HujietphiA- 
phatc by treatment with Hulpimrio acht. 

All thoA oporatione may be carried on in oiie largo worka. Baw 

material for glue and gibititif* cxhfta in large 
*** India. Tho nuinlicr of nninudii 
which die or are ahuightcrtHl itniiiiaHy ia ciiniw 
DiouH. Beeidcti bonea and their HaamMUt cd ainewa ntlior poaaible 
sources of glue and gclutbio cxiai in Indiii. jmrtu’ularly Hcrttiipings 
and cuttings from hidea which uru at proaent laigtdy u waaio pro- 
duet of tanneries. 


Before the war, hovrovor, by fur tlio larger tmrt of the bone hioal. 
from which no attempt had bccti made to ^irmbicr glue or gcluthie. 
wont to Hamburg, where it wiia aold as ii fertilimv. Idverjuail and 
Hull were importing a coarser nienl whiitli wiia uaml in tho muiiu- 
fneture of Huperphoaphatea. (Jniahed bouo went to Antwerp and 
blaraeiUeH where it wna uacd in tlie tuunufiieturo 4»( boiiit bladk, 
buttoiiH, haiulleH, otn. Tim hiiiowh, which urn s]HHdalle suitml tor the 
xnanufttctUTo of gelatine, wort* all exporteil to Hamburg. It is 
evident, therefore, that great posaihilitti^a exist for niakiiig valuable 
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by-pioductB from these souroes, if they irvere worked up in tine 
oountiy. While it is doubtful whether the bones of Indian cattle 
contain enough fat to pay for reooTeiy, the production of gelatine 
fiom sinews ofEera large poBsibilitioB of profit and, if the bone meal 
can be di^psed of at a fair price, the extraction of glue should also 
be profitable. 

Apart from fat extraction, it may be taken that plant and build<* 
mgs to deal with 10 tons of bones and associated sinewB per day 
would probably cost about 3 to 4 lakhs of rupees. The mam essen- 
tial in obtaining good glue and gelatine is scrupulous cleanlinchb in 
all the 'prooeSBOB involved. Owing to climatic oonditionH, it is pro- 
bable that almost anywhere in India special equipment will be 
noooBsary at oertsin seasons for the final evaporation and drying off 
of tho glue and gelatine, but thoro is no inherent difficulty in pro- 
viding this. 

As regards the resultant boas meal, there is likely to bo some 
If iu .j ^ outlet in India in Bengal, Madras and CSoylon for 
r gut, . ^ coffee plantations. The accompany- 

ing tabular statements indicate that* ooneiderable quantities of 
nitificial manures are imported into these parts, and during the war 
bone mool from India has been taken by the plantoiB. The oxtarartioA 
of glue would certainly depreciate the value of the bono meal, but 
not to Buoli on extent as to nmdoi tho process uneconomical. 

Although there is nut at prcsoiit any great demand for eupi^r- 
phtwphateH iii this country, the exporiuients of the agricultural 
departments have proved that, in Northern India at any rate, tho 
applioatlon of this manure to the soil would have a very marked 
effect, idnoo the available phosphates in large areas of the Qangetio 
delta are ahnost entirely exhausted. If, therefore, it oan be placed 
on tho market in large quantities at a loasonable prioe, it is almost 
oertain that the demand for it will in time become vary great. The 
dominating factor in its produotvm is the cost of sulphuric acid; 
aud if tliis is available at low rates in tho nrar future (boo page 01), 
tho numufaotnre of superphosphates from bone meal sliould be a 
paying propoidtiou, whUe the finding of a bieol market lot this by- 
product should greatly assist the ^voloptnent of glue and gelatine 
nianuiaoture in India. Bnperphoqihates thus made, however, will 
have to oompete with thoee extraotod from the mineral apatite, for 
the production of which a company has already oommenced opera- 
tione near the Tata Iron and Steel Worke, SakohL 
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The following tables of imports of aTtifioial and mineral manures 
and esporta of bones will serve to amplify the foregoing short state- 
ment • — 


Tablb 1 -^Imports of artificial a/nd mineral manures tnto India 

since 1918 


CbTintaaoB of ongm. 

1013-14. 

1014-16. 

1016-16 

1010-17. 

1917-18 



Toma. 


Tone 

Tuna. 

Timti. 

United lUngdon 

■ I 

],B00 


1,910 

1,280 

90 

flormanv . 

e « 

3,7B7 

H 

100 

31 

a a 

Pdcpam 

• • 

2,063 


a ■ 

a a 

a « 

Jepui 

■ • 

40 


1,668 

1,608 

706 

Shue of Bengal. 

• a 

2,789 

1,886 

3,802 

8,340 

1,<HM 

•t Bombay 

■ • 

40 

07 

103 

01 

m m 

,1 Bind . 

■ m 

2 

1 

4 

a 

m m 

M UadEBi 

• a 

fi,seo 

Wl? 

1,097 

1,020 

TOO 

11 Brnnifte 

0 a 

176 

70 

60 

00 

40 

Totati (nrGLUsani ovbib 
CbinwmMt) 

8,234 

1 

3,471 

3,1M 

4,481 

1,884 

Tabui in^Bwports of hones from India since 191i 

J. 

OountricB of final 
deitinaftum. 

1013-lA 

1014-16. 

1916.18. 

1010-17. ' 

1017-18. 

United Kingdom , 

2^^ 1 ' 1 ' • • 

Nenr ZBOlaiul . , 

Clermuiy .... 

Belghim .... 

Fraaoo .... 

Jepen .... 

United StatM of Amorlea 

Atlantic CSnaet , , , 

Pociflo fkm^l 

Tons. 

14,014 

6,189 

3.066 

11,181 

HS20 

16,170 

11,237 

t 

8,273 

4,880 

■ 

Tone. 
11,096 
> 6,028 
1,976 
3,401 
18,666 
10,006 
6,787 

6,093 

4,309 

Tone. 
16,170 
0,697 
0,116 
a 1 

4.0RR 
3,400 . 

4,066 I 
imoB 1 

Ton*. 
9,801 ; 
11.606 
0.260 ' 

:: 1 
8.100 
6,460 

3,960 . 
200 , 


Total (iHOLunnro 
ooinnnaiR) 

OTBXB 

115,411 

<3,978 

5I,<36 

1 

42,N2 

21,079 
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Refetences. 

“ Bone products and manures ’’ by T. Lambert (T. Scott, 
Greenwood & Co.), 

“Glue, gelatine and tlieir allied }»roducts ” by T. Lamboit 
(T. Scott, Greenwood tfe Co.) 
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Industrial Alcohol 

By QnsBRT J. Fowusk, DBo, FJ.G. 

Indian InatUuU of Bamioo, Bangalore, 

Wlule India posBesseB in abundanoe many important raw niator- 
ials for industry, die u idatlvdy poor in Boozoee of power of tko 
more (irdmaxy desoription Bier oodfidda axe not widely distri- 
buted end the quahty of the ood avaalable is not of the highest. 
Water power hke ood ia oonfined to oertam oentres Petrol, kerosiue 
and oil fuel generally have to be imported. The prodnotion of 
oharood mvolvea the destrootion of slow growing forests There 
IB one form of fnel, however, which oan be obtained m imlunited 
quantities, vw., alcohol,” ohemioally known as ethyl alcohol 

&e great ohenucd family of the cozbohydrateB (so called from 

.... the fact that its members are oomposed of 

enrcM of iloohoL j 

carbon, hydrogen and ozygea, the last two 

elements united in the proportion to form water) includes such 

universd plant constituents as oeUuloae and starch, as well as the 

numerous nalmraUy oooDznng sugarB Most of these naturally ooour- 

ring sugars oan be fermented by yeast, yidding doohol and carbon 

dioxide, or oaxbonio amd gas as it is popularly termed The oeUu- 

loses and sbardhes are not directly fermentable by yeast, but by 

suitable dheimcd means they oan he readily converted m many 

oases into feocmentable sugar. 

The production of oaxbohydratcSi whether cellulose, starch or 
sugar, takes pUoe under the stimulus of solar energy. Aloohol, 
therefore, as it la derived from carbohydrate material, aflords a 
means of utilising present solar energy, as distinguished from the 
use of ood which utihses the solar energy of past ages. There is, 
therefore, practically no limit to its teduuod production and India 
with its saperabundant sunshme is especially suited fox such an 
industry. 
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Apart from its use as fuel, alooihol has innumerable otlier appli- 
eations of equal or greater importance in mdusfary Alcohol thus 
produced for induatnal, as distmguished from drmlozig purposes, is 
termed industrial alcohol or Bometimes ' denatuied ’ alcohol, from 
the fact that some substance has been added to it to * denature ' 
it 01 make it unfit to dnnk. 


The sources of alcohol m India, the methods of its manufacture, 
and its industrial uses may now be considered more m detail. 
India unfortunately actually needs to import caae'Sugar owmg 

to the present condition of the indigenous 
cane%^ sugor-oane industry "When oane^ugax is used 
as a source of alcohol m India, it is usually 
imported in the fonn of molasses from Java. 

In the flowers of the fnah/ua tree {Baaaia Zcti/olta), there is an 

enonuouB souroe of alcohol production. These 
* flowers, wluoli are of a waxy whiteness when 
fresh, contain anything from 40 to GO per cent, of fermentable sugar, 
mainly in the form of what is known as invert sugar, thou^ under 


certam oironmstanoes a oonsiderable proportion of oone-sugar is also 
present. The possibilitioB of this source of alcohol may be 
gathered from the fact that the Hyderabad distilleries alone are 


capable of producing 10,000 gallons a day of alcohol from mahi4a, 
or one-third more than the wholp consumption of light petrol in 
India. 


All oeroal grains contain staroh, whioli serves os food for the 
Cercsla seedling plant. In the course of germination 

of the sc^ the starch is converted into sugar 
which can be assimilated as food by the plant. It is this sugar which 
is fermentable to alcohol by means of yeast. Before starch-con- 
taining grains con be used for the production of alcohol, they have 
as a rule to undergo the process of malting. This consists in the 
encouiagomont of incipient germination whk)h is anesfeed hy heat 
as soon as the most favourable stage has been reached. In certain 
oasea, malting may be dispensed with and the conversion of 
starch into sugar brought about directly by heating with ooids or 
by the action of certain moulds. 


Many plants contain their store of irtpioh food in the so-called 

rhuomo or in tubers attached to the root 


8taivIi*coiifalnlng 

tvbeti. 


system. Such plants are the cassava, the source 
of arrowroot, artichokes, potatoes and' other 
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plontB known to botanists, some at piossnt looked upon os woods, 
but which grow rapidl 7 under favonroblo conditions. Fotatuos 
have not proved as cheap a source of alcohol in the United States os 
either enigai or grain, and wliilo oasBavn is cousulored by some oh 
an ezpeptionally cheap souroo of staioh, and thorofore of alcohol, 
agricmtui^ opinion in India does not soeiii to favour it, though 
iiiials with sweet potatoes have been RUggcHtod. 

Certain woods on treatment with sul^diurous ariil under prchHure 
It fermentable sugar and where large quaii- 

** ' titles of waste sawdust are fi»r disposal its 

treatment in this way may be economical. Tho treatment of *' nin« 


gasse ” (the resldnal oane left after tho pressing out. of oane-sugur) 
by this prooesB is worth consideration. 

All things oonsiderad, tho mahm flower woiihl seem to be tho best 
raw niateri^ for industrial alcohol in India. 


From the sugar solution prepared from any of tho above sources, 

alcoliol is ubtiaiiwd by introfhiciiig yeast umkr 
■lubM fnn*i!ieir" ^ suitablo ooiiditi(»iH, allowing the feniientstion 

to prooeod to its limit and then distilling ofl 
the alcdiol. Yoost is a microscopic organism consiMting of eiiigle 
round or poai^apod ocUs, which are capable of rapid ro|»roductinn 
by budding when placed in a suitable medium. There are many 
varistieB ed yeast* Natural or jfild yeast, which uccurs wherever 
there is fennentable sugar, 0 ^., on the maktM flower or on the skins 
of fruits, is a mixture of several ejicMos nob all of which are capable 
of giving hif^ yields of alcohol. It has been found hy expornnont 
that the host results are obtained by introducing pure selected 
cultures of yoast into sugar solutions which have iMieit previously 
steriliBod. addition oif nitre^onons food in the form of * siiciit 
wash * from previous operations and of certain other food maieriais, 
such as ^osphates, have been found to have a bonollaial effect in 
inetoBsing the yield, as oompared with tlio more or less einplricBl 
methods at present employed. It remaiiM of oonrso to bn seen how 
far tho inoreased yield obtained by soientiflo working will pay fur 
!;he additional cost involved. Probably it will bo more satisfao- 
'’ory to erect updio-dato plant than to attempt to remodel the old. 
Besides tho fermentation prooass, tho method of distillation 
^ployed makes a oonsiderable (liffoRUioo to the strength and 
mtity of alcohol produced, and, in modem plants, stills operated 
the continuous principle are alone used. In these stills, of 
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which the Coffey etill patented in 1832 is the typoi a deeoendmg 
Btreom of alooliolio wash is heated by an aeoending onzEcnt of steam^ 
and alcohol ia thus continually distilled off By developmenta of 
this principle it is passible readily to obtain alcohol of 95 per cent, 
strength. 

In suitably ooiistruoted internal combustion engmos, alcohol haa 

shown itself an excellent source of power. 
^ requiring a higher 

crmiprossion to obtain* the some efficiBncy on 
XKplosion. Nevertheless, when mixed with a aniall poroentago of 
potrA and about 30 per cent, of ether, it has been found quite a 
pruetioable fuel for ordinary niotur oars without any modification 
if design. It can, therefore, well serve as a substitute for petrol 
in ease of shortage of the latter, or at any rate its availability may 
prevent too great a rise in the pnoo of petrol. 

Apart from motor oar traffic altogether, alcohol fuel has many 
possible applications, partionlarly for small stationery engines and 
'or motor boats. In these two cases, that of motor boats partioularly, 
.he greatly lessened danger from ffre in the ease of alcohol, as compared 
Kith petrol, is a groat advantage in favour of the former. The 
ilcohnl flame can bo readily extinguished by water which only 
jcnds to spread the fluuios of burning petrol. As hoiistdiold fuel 
'or cookuig, a very large oonminipiion may be iiredictod, if large 
piuntitios are ovurywhurti ohcaply available, as it is clean and odour* 
This may react in favour of agriculture by lesHoning tho neoos- 
lify of using oowdung os fuel. 

In addition to its use as a household fuel, aloohol can also be 

used as an illuminant in lamps of special 
""*** design, with incandescent mantles, or by snlu* 
inn in the alcohol of some Mibstaiico such ss camphor, which will 
(ivo a lutninous flame. In the volume on industrial aloohol by 
drlntosh, ou pages 213-217, some 500 ap])lioations of aloohol in 
rarioiis arts and maiiufaeturcs am given of which the followuig 
nay bo mentioned : the manufaoturo of acetic acid, ooetatus, 
lerfiimcs, tinctures, varnishcH and polishes, ether, chloroform, dyes 
ransparaiit soaps and artificial silk. 

Pure ethyl alcohol can only be used by special Govemmer 
f permit granted in the ease of special iisi 
^ ** where purity is essential. In most oases, 

lenatusant has to be added to render it nen-potablo. The sabetonci 
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mainly used for this purpose are wo<>cl spirit or methyl alcohol 
pyridine, and in India particularly, an objcci.ioiiably sinelling })i'o- 
diict of the distillation of rubber, known as caontchoucino. Hiiccial 
denaturing agents are often used for special jnirposcs, and tlic jiro- 
blem of preventing illicit consumption of alcohol without iid.cirfei'ing 
with its economic uses in industry is a stnnowhat dillicult om*. 


Bootes of rcferoacfi : 


“Industiial Alcohol’’ — McIntosh (Hcott, 
Ltmdon). 

^ Denatured or Industrinl Alcohol'’ {\A’ih;y 


< Jicouuijofl «v Do., 
k Sons. N‘'U' ^ orlv). 
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Medical and Surgical Requirements, their Manufacture in Indiiu 


By Lieut, -Col. B. Bonr, O.B E , I.M S., 

AaHetant DWeator Genefal, Indian Medical Semitse (£)<ore«}. 

The strain of war has led to a ^roat dovdopinent in the ntili- 
jsation of Indian rcsouxens in the provision of drugs, modicinPH, 
and other matoiialS, not only to ineut the reqniroinents of 
hospitals in India, both niilitaiy and eivil, hut also for oversfas 
forces. It was reoctgnised tiiat many articles formerly impoiied 
oould, and should, be manufactured in India. 

Additional analytioal ebemists are now working at the mann* 
fnctuiing Medical Store depdts at Madras Bombay and Jjaborc 
aiul many preparaiions aro being manu&oturcd at these doprhs 
from indigenouB raw materials which wore before the war imported 
from Home. In order to rnliovo, ns far os possible, the strain on 
Home losouroos and to economise in froi^t, every effort has been 
made to develop the manufacture of surgioal dressings' at the depdts, 
and, at the same time, to eiicourage reliable private flxnu to extend 
their output in this direction. These eAiits have been most 
successful and have undoubtedly effected a oonsidarable saving 
to Qovemment especially in the local puxohase of cotton wool, gause, 
lint, etc., the prices of which in the BngUsh market have advanced 
roughly 400 per cent, since 1914. 

The absolute necessity of securing the coirect percentage of 
medication and complete storiUsation makes it essential that ordere 
for the manufkctnro of these articIoR should only he placed with 
firms whose rdiabflity has been fully ascertained. Private entorprise 
is now largely res^ionBiblo for the supply of absorbent cotton 
of good qualiy, lint, gauso, and, in addition, it has bean utilised in 
supplementing the supply of medicated and compressed dressings. 

Prior to tiio outbreak of war, the Medical Stoea Bspartment 
was manu&ctuiing pbarmaoeutieal prepaxations on a oonaiderable 
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scale and the fad that it wub iii a [luuition to do so has 
been of material assietuice in mccthig the greatly itioreased 
demands. 


The Indian Medical Rtorce Department ih a very large puroliauer 

of snrgical inetrumefitH und appliancea, of which 
^^Medlcal Instramentai important Bouree of Hupply for many jTarb, 

has been the workrtluipH at the Mediral 
Stores Doi>6t, Bombay. Fart of thene preniieeH has liei*u hunde^l 
over to a private coiicom, whieh han cHtablishetl in it u faetiiry that 
provides a conHidcrable portion of the requireinmitH of the depart- 
ment. It cuiiployH Huveral hundred workmen who have biHui traiind 
to manufactuie and repair iiiHtrmnetitM mid appliiiticeH, and the 
articlea turned out am of excellent workinaiiHliip and hnwh. mm* 
paring fayouiably with articles iiianufaniurinl by tin* best kimwii 
surgical instramont makcrH at iloiiie. War deniaiulH have hsl 
to many new dcvelopmentH iiieludiiig tlii* ntiuiufuetun* of ahapiv] 
artiileial limbs and orthopaislie ajiplianeeb, and alt the artilidal 
limbs sappliod to tlio wounded returning from overM^as have been 
uuumfactured in this factory. 

The })0SHibility of obtaining mippllm of liuUait-inaUo ghuMware 

for laboratorieH W'us emimdiTed at an imrty stage, 
• arid in IttlT surli articles as petri diMhen, litre 

flasks, glass tubing and test tubes of reanonably good quality were 
obtained from the Upper India (41ass Works, Anibala Tity. As the 
Diteotot Qonoral of the Indian Medical Kervu*n liii}K»rtH large quantities 
of different demyiptions of glasswan*, he HtiggeshHl in Hiqd ember 
1917 that the question of glass nianufaetun* in India should lie taken 
up. Ill this (Uroetiou much bus been done, with the asHistani'e of 
the Munitions Board, and eonHidt^ruldc ortlers have boon, and are 
now being, placed with several iiiamifuct tiring iiniis in ludia*. 
Among these am:— 


The Uppnr India (Hass Works, Aiiilmtu, 

Bijhoi Olass Works, Mnrn<lalHut, 

Allahabad Glass Works, Naitri, and tin* 

Hciciitifio Instrument Ckmqisny, Allaliabad. 

There is little doubt that every encotiragf>ment should lie given 
to Arms in India who am willing to luidertake tho manufactuie 
of glassware, and eventually, it is hoped, that most of our roquire- 
rnonta in this direction will be inanufactiired in India. 
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The Medical Stores Department imports large quantities of 

yaiions rubber goods and owing to their 
— SSiilS 1 ^,*^ ^ perudiable nature a considerable loss is 

incurred Bndeavours ore being made to arrange 
for the manufacture of as many of these as possible, and a large 
range of samples have been sent to the Colombo Rubber Mills a 
firm of rubber manufacturers lately established m Ceylon. A great 
niunber of enamelled iron articles is also consumed, and samples have 
been submitted to Messrs. Heatley Gresham & Co., Calcutta, who* 
are undertaking the manufacture as soon as t^e neccesaiy maohiner 7 
is obtamed from Home. 

The question of ascertaining what raw matsrials are, or can be 

mode, available in India and the best method 
taIfnStal******* ** ^"*** obtaining supplies, both for immediate 

requirements and with a view tu future 
developments has been a subject of cIuhc investigation for some 
time. It is an undoubted frot that, up to now, the indigeu* 
ona resources of India have not been utilized to anything like the 
extent possible. The praotioe, prior to the outbreak of war, was 
to purchase in En^and throufi^ the medium of the India Office 
nut only manufactured dnigs, but also most of the raw materials 
required for the manufacture of pharmaceutical products, frr most 
of which the raw materialH had actually been exported to England 
from India. For instanoo, Hondal-wood was exported as wood and 
returned in the form of oil ; whereas arrangomentB have now been 
made to manufacture our total requirements of sandalwood oil at the 
Medical Htorfi depfits. Again myrobalans sent Home returned aa 
tannic acid while we now manufacture all our requirements. 

Nnx vomicn beans were sent to En|^d and returned aa the 
powder and extract, and in tho form of stryelmiuo, but we are now 
manufacturing all our requirements of the two former and the 
chemists at the Medical Btorc depdts arc investigating the 
possibility of the manufacture of strychnine from nux vomica beans. 
Potash salts existing in India were never utilized in making 
potassium carbonate, bicarbonate, acetate, citrate, cyanide, red 
and yellow prussiate, etc. All these are now being made by pri- 
vate films in India. Ajwm seeds were formerly export^ to* 
Germany and returned to India as thymol. We now manufacture 
our total requirements and several firms are manufsotiiring th^ol 
of good quality on a Urge soale. These firms should be assistsd 
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ix) get in touch with huyeEB m England, as there are great potiui- 
bilities of a lucrative export trade with England 

A general investigation as to the possibilitieB of obtaining Indian 
grown prodnots for some tune been going on, and in December 
1917 , the Director Qoneral drew up a note pointmgout the desbability 
of taking up the question of tho cultivation of medical trees and 
plants. This has led to the proposal that a committee fOionld be 
formed to deal with the mibjeet. So far, thn information avaibible 
merely touches the fringe of possibilitieR and, owing to the almoFit 
^‘omplete look of data m the form of any up- to* date literature and 
reliable mfoimation on the subjoot, tho problem is an extrem«dy 
difficult one. Many of the medicinal plants required grow wild in 
Indian hirosts, and owing to tlie hitherto small demands, are 
olossifted as minor forest produce. Mo B|)ecin1 at1.onti(Mi upponrs 
to have been paid to them nor does there exist, us fur us is krioun, 
any oilective oiganiaation for eoUectioii. In the first place, it would 
up})f>ar desiinblo that a survey should bn iindortakoii to nseertAiii 
what medicinal plants grow wild in tlio forests, and where such 
plants grow most freely, and arc most nrcossiblfl for collection. 
8iich a survey would assist in KUpplyhig (luveriimout's require- 
ments and those of private finns, possibly creating a lucrative 
•exifoit trade in tho future. This undertaking could only be 
carried out thorouj^ly hy the Forest Dopoitmont and the JBotaniral 
Survey. 

ArtieleB such os emnamon, cloves, senna, castor oil seeds and 
various others of every day consumption known to grow and be 
available in largo quantities in India, need not be considered. Our 
efforts havo boon eoncentrated ohiefly in the direction of obtaining 
satihfaotoiy and regular supplies to meet our own requirements, 
but enquiries have opened up the larger question of tlio possibility of 
creatiug a considerable and valuable oxiiort trade from India, 
thereby assutting in making the Empire solf-siipporting aa rogards 
a number of pibduots formerly ob1i.lnod from enemy oountries, 

There can ho little doubt that markets would be availablo, 
as private firms in India have been, luid are now, exporting to Great 
Britain, America, and other oountries Indian-grown drugs, whicdi 
these countries formerly obtained elsewhere* Tho demand exists 
and the’ problem to bo overcome is mainly that of organixing culti- 
vivfiion end ooUeotion, but also the reduction of railway freights on 
Buoh products over long distances, the latter os a temporary measure 
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until mfouiiation is obtainable aa to a bat rail tariffs suck pioducfas 
can reasonably bear, to allow oonipetition uitk other souroes of 
supply outside India. The high rail freights from sourcoa of anpply 
to seaports and nianu&otunng contres m India, pemiiited Germany^ 
and other producing countries, in many instances, to ciilti\ate, 
collect, ship to London, and re- ship to India at prices, which are actually 
lo\vcr than thosti at winch indigenous products could be made available 
at Indian seaports. 

dn example of this is the case of belladoiuia. This root woo 
grown in Uennaiiy, collected, dried, packed, shipped to London, 
paying one Or tivo niiddlenien’s profits there, re-shipped to India, 
duty paid on entry, and purcluiBcd in Lidia at Rh 40 per cwt. Tho 
cost of collection, royalty (m the case of privato firms) and rail 
freights to fJaloutta or Buiubuy, made it mipoHsiblo for Indian- 
grown belladonna to c(>iu])(d>c. Tii 101(f,ticonimunicatioti wus received 
from tho Hocretary of Htatit tluit India’s demuiidH for belladoiiiu 
could' not be complied with* Uiiou this, coiumuidcation was opi^ucd 
with the Bupoilntendent of the Govenimoiit Gardens at Kniiianu 
and he was asked to lay down five acres under belladonna oultivu- 
littii, tho resulting crop bouig car-marked to meet the requiremeuts 
of tho Director General. His total roquirementH of both belladuniia 
roots and leaves of most excellent quality have shuns been obtained 
from this souTC‘e and altliough the puroliusus wtsni nuido eoiudderaljly 
under the ruling market rates, tho cultivation has proved a very 
profltablu underling. 

Again in thn ease of digitalis our total requiienients have been met 
from Bengal, and the Kumaun Gardens have been asked to place* 
a Hiifiicieiit area undor cultivation to enable them to meet our 
fnturo demands. 

Various other valuable misdioinal plants are known to grow 
wild in largo iiuautitioM in the Indian fnrcslH, but nnidl an organised 
survey is undetiakcti, the probhmi of collection and ntiliaatioji of 
these prodtu*tH oannot bo satisfactorily solved. A large iiuiiilicr 
of articles which were, prior to the war, iiri|)orted, are now citlu^r 
being manufactured at tho Medical Htore dltpdts, or experiments 
as to tho possibility of nuuiufacture have been uiulertaken. Kor 
iustancfi, we inanufaoture our .lOtal requiroments of-^ 

(1) absolute alcohol from rectified spirit; 

(2) aniylum, B. F. (staroh) ficonr ' rice ; 

(3) all bellmlotma preparations from Indian-grown belladonua 
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(4) digitaha pioparatiaiiB from Indiau leaves ; 

(3) lysol from saponified ccesol; 

(ft) ferconB sulpliate from iron filings and sulphuzic aoid; 

(7) thymol, B. F. from o^unn seeds; 

(8) nnz vomica pieparationB from Indian seeds; 

(9) tannic acid from myrobalanB; 

(10) Bilvoz nitrate staLcks from Indian made sUvei nitratt 

crystals ; 

(11) vanous mercurial B. F preparations; 

(13) ozymel scillac, B F. from honey and squills^the latter 

being obtamcd from the beach at Salsette outside 
Bombay ; 

(i‘i) bhaulmoogra oil; 

(14) oollodium fleidle; 

(IH) sodium sulphate anhydrous; 

(16) aloe, B.F. ; 

(17) oaldum oarbonato predptated; 

(IH) the extracts of cascara, oolocynth, ^ycerrhisa, byes' 
cynini, bdladonna, nux vomica, gentian; 

(19) (^ucose from storoh; 

(20) essential oils : AnetM, ajiiseed, doves, dunaxnon, croton, 

myristica ; 

<31) iodine iJowder; 

(22) Insmuih and ammonium dtrate solutions; 

(23) magnesium carbemato , 
fi4) rMc acid ; 

(2o) pyroxylline; 

(2(i) sudinni nitnte; 

. (27) sodium sulphate; 

(2B) sodium chloride pure; 

(29) tyrupus ferri phosphatiB Go. ; 

(3(») acid sulphuric normal solution; 

(31) rectified alcohol , 

(32) cedar vrood oil. 

All tho above are new prepaiationB which were formerly im- 
ported. In addition to these, the ehemists have succeeded it 
making anawthetio asdier, B. P., of which it is hoped to moke m 
total requfrements when its keeping properties have been tested, am 
fiorio acid from crude borax. Tho manufacture of tho latte 
^'iU not pay oommecdally, until the crude borax coming into Indit 
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from Nepal and Thibet la either subject to a connderabljr lower 
tani! to make it available at the aea-porta at a much cheaper 
rate or aomething in the way of a email foctoiy la started in the 
Himalayas at Home sach place as Kotgarh in the Simla hilla. Large 
quantities of crude borax, in transit to India from Thibet, pass 
through Kotgarh and the refining of crude borax is an extremely 
Hunple process which docs not necessitate the provision of any 
sperial machinery. At present the enido hoiax which is carried 
to Bombay, Madroa and Calcutta oontaina roughly 30 per cent. 
impuritieB which could readily be extracted. 

Bxperimenta are also being made with the nmnufiicture of the 
alkaloid, atropine, emetiiie and strychnine, calcium chloride, 
magnesia, potassii acetas, potafwii pcimanganaH, soft and hard 
soap, refined ^yceiinc, as well us the maiiufooturo of an iiihcct 
powder as effective as the well known Keatuig’s powder. 

The depots are now inakuig all the pharmaceutical preparu- 
tions required, including tahleis, pills, cxtractH, tinoturos, liniments,* 
liquors, ungueaits, powdera, etc., many of which arc new prepar* 
afiuiis formerly imported of which wc have lately undertaken the 
manufacture. It is not feasible in this note to give full details 
of svexyihing which is being inaiiufactuzed but among these are 
iiK'ludoil (Wbinn labials, borated talc powdur, oatron oil, and 
medicated vaseliiie. 

The Medical Htores dcjjuts are also manufacturing all Government's 
requiretiients of castor oil, and arm'liis oil from Indian-groun seeds. 
Oxygen is coinpreHsed in ( 7 lindcia for issue to hospitals. At 
Madias first field dressings ate being made for the use of the army 
ut the mie of per <lieiii. The Indian Institute of Science at 
Bangalore . supplies ethyl ehbrido, calcium chloride, caloittm lactate, 
sodium ais'tate, aiillme oil. and lactose. 

Bondages arc obtained from Indian jails, absorbent cotton 
wool firom Messrs, Hossoon k Co., Bombay, and Messrs, Andrew 
Yule & (7o., ('alcutta, and cottons and gauxes, medicated and coni- 
Itressed, from private flmia in India. Oil of turpentino and resin 
are supplied by the Forest Department, and liquor ammonia fortis, 
lycupodiiuii, acid Buijdiuric, B.?., aidd hydrochloiic, B.P., arid, nitric, 
B. Pm and the various medicinal potash silts from private fimts in 
India which manufacture them. 

Opezation room furniture, water bottles, l^nsa pestles and mor. 
ton, basins, aluminium measures, fonnerly Imported, are now obtained 
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from niantifactixring firuis in Tn<Lia. Trial ordars for varioua rk>s- 
cription of surgical iiiHlriinionts liavc alt-:n bean pi act c I \\ith Indian 
firms. 

Although during the war, it was cssciitial that rjoveriiiuent’s 
requirements should, as far as possible, be luiuiufaetured depart mentally, 
it will be iiecossary to consider whether the (loNcuanuont hlcdical 
►Htorcs Dopartment should continm? to luiinufaet un* artich's, whiili 
reliahh*. private, firm.s are also nuinufaeturing in suHieieiit (puinti- 
tiew i)i India from Indian raw materials. It is unfortunately tme 
that in India u]» to now the diJ'Fer<*jiee, hetwei-n .■'{iinfdes .suhniilt.ed 
and actual supjjJios suhsetjuoiitly delivcrcil Is liahle to be. eon.siderable, 
and initil trial orders have been plat'cd find deliveries Imvc* proved 
up to the standard required, it has be<*n, and will be, vi*ry neees.sary tO' 
exercise the greatest eauiion, placing fU'ders only with linns whfjse 
reliability is assured. AnotJier dillieulty experienctal, jnore parti- 
(nilarly with the. smaller linns is that, ijt their tuixhd.y to ohfein’ 
eontruets, tlie.y tnidcu'take. more* tiian they t'an safely guarantee and 
break dowui as regards deliv<‘ry w'illnn the <‘ontnief period. '1 hey 
ar(% also jirone to quote terms wJiieh in priieiice they art* unubh^ 
to carry out, witli out either sulTering heavy h>ss, t>r being forci'd to- 
ask for a revision of rates owing to Ihietuations in the inarket.s. 

In dt'aling witJi the. jmn'hast* of drugs, surgieal tlressiugs and 
instruments, the ([uestion of (puility is so important thuti the best 
policy is not to plaet*. reliance on tltnibiful stjurecs of suppHc.s, It 
is essential, tliendore, not tti diseontinue any manufaet.ures until 
the oxitput by rtiliabb* caminnurial Jirms Inns b(‘t*n e.stublisbetl tai a 
Huilieiejitly large scale to render it. alnsointely t'crtain that (loveni*' 
meat will be able to obtain all it .s rcstjuiremenis without diUU-uIty andi 
at prices eompuring favourably with its owm produeiion co.stH. 
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Jute* Sann Hemp and PJax* 

Bt B. S. PiNLOW, Fibre Ssepert to the QavemmenA of Bengal, and 
D. B» Mbix, Aesietiamt Oonlrdller of MunUionet Bengat 

The modam Indian jute iudustiy is eBsentially a development 
of the last 80 or 90 years, i.e , einoethe year 1826. Even before that 
tiiuo jute was grown over almost aa vride a tract as it ia to-day; 
but the actual acreage devotod to the crop was far lesa For mstauoe. 
the district of Bangpur grew about 20,000 acres of jute in 1803, 
whereas it has had os much as 260,000 acres m recent years. The 
same applies to other parts of the jute-growing tract. 

Before about 1828, the whole of the jute fibre produced In India 
WBS manufaotiired locally by hand into nttmer* 
^ipaailoB of toe fate artiolea, including clothing; and any ex- 
port was confined to hand^made products, 
suoh as gunnies. In 1828, the fleet export of raw jnte to Europe was 
madei but althou^ the production and also the export, of jute 
incresaed with some regularityi it was during the Orufiean and Amerl- 
oan Olvil wars, the fimt of which shut off Bussian flax and hemp, 
and the latter American cotton, that jute began to be used on a really 
large scale. Since then it has never looked back. The following 
statistioB* represent the great increase in the production of jute 
slnoe 1874 


* (fiuppUtd bv tbs Dlrtotor of Stailatlaa) 
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Table 1. — Increase tn the producfioii of juts stnee 1874. 
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Ttiuflilioyittld of Abto liaa moroitHCMl }»y StKI piir eottt. in 40 yean.« 

In 1861, tho valuo of tUo axporto of mw anil ImiuUmiuiiifaoturad 
jnto from India was about 40 labbu of nipom, and tbo prioo of film 
voB from Re. 1 to lie, 3 per nitmud. In 1014, tlie value of the lov 
fibre produced ▼as about 50 otoies and tlie prioe of filmi waa from 
Bs. 7 to Rb. 12 par maund, Am tbo ))ulk of tbin aiitit gotm lumuany 
into the pocket of tbe liengal oultivator, it ia cai^ to uiidonitaud 
urby be iis tbe tioboBt of hit oluas in India. 

After the oonunonooment of the vrar, a very bigontp, ooliudding 
urith tbe shutting off to a large oxtont of the export of the raw 
fibre, oauBod a heavy slump in the lurioo of the latter, and the ar« 
devoted to the produotion of jute fell by 30 ]»er cent, in lOlC-1916. 
There has only been a partial recovery iti the interval, but the bi^ 
pxieee loaluBed by tlie growers in the Benson 1018-10, and the Tcnunp- 
tion of the export of raw fibre, will both tend towards inoreieed 
oulthration in the next season. 

‘Whether or not the preHeni jute-growing area is ca)tablo o! pro- 
■duoing sU the fibre which will be rmjuirori is tito eubjoot, juiit now, 
(if coneiderable disouMidou: for it is reulbeod that viuy high prioei 
are only an encouragotiiont tiiwarda the prodiioticm eithor of sub- 
stitutes, artifioial or otliorwiso, or Kmimls the nultivation of jute 
in otlier omiutrien. Ritlier of tlietio would menu tbe breaking of 
the oonditional iQonn])o]y in the production of juto which Indbi 
has bitborto bedd. 
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There ib no doubt that the aioa producing ]ute and aimilar fibroa 
in India could be largely expanded, and it is a matter of conaiderable 
nrgenoy that a definite policy should be token up , so that wo may 
be pi^ared for emorgenoies if they anivo. It is satufootoiy to be 
able to note that some steps have olroady been taken, siiioo the pro- 
fitable nature of fibre production, os compared with other crops, 
cannot bs denied. 

Only about 85 yoors ago, i.e., about 1830, the * ** Dundee flax 
and hemp spinners used to guarantee their products free from Indian 
}ute Then in 1838 the v^ue of jute yarn was disooverod and the 
Dundee jute mdiistiy was bom. Seventeen years later, in 1856, the 
first spinning moohinery was brought out to Calcutta from Dundee 

Eij^t tons a day was the product in the boginmng.*' 

It is now 3,000 tons a day, more than five times as muoh os the oon- 
siimption oi Dundee, and nearly two-ihizds of the total production of 
jute. The following table f shows how the inoroase in the number 
of jute mills in Bengal has prooeeded 


Table ^^-^Increase tn ike fwmber of jiU$ mitta in B*ngtA ainee 1850. 
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Prior to the commcticenient of the war, the Calcutta itiills liad 
practically canfintid thcniuelvos to the manufacture of gunnies 
and htuuian doth ; but with the advent of the war, they were fir^ 
of all called upon to inaniifiicture largo tiunibors of sand bags for the 


* Viia •* The UonuHiue ut Jute,*' JJ. K. Wellaeew (Uoatta, JWfS. 

t (ihstti4« MippUfd kf the Uireeter iif gULN'iee ) 
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tioncheB This vae tlio more neceBSaiy, becuuHO the export of the 
manafaotnied jute goods from India direct to the varioua theatres 
of war, not only saved freight in oaixying raw materiala over the 
longer journey to and from Dundee, hut also elmminted the exposure 
of veeseilB in the moat dengeions Riihmaiiiio xone round the British 
Isles. 

Tho ovQxrunnuig ol Bussia by (lemiany in 191D-1A cut off, to a 
very largo extent, tlie sup^dy of flax to the allies, and shortage of 
this fibre, for the manufacture of the huge <|unutitipfl of tent oloth^ 
tarpaulins, waggon eoveni, ground shoetH, water bucketK, cU*.., required, 
soon began to ho felt. Tho canvas cliiiirulty was most soriouH, and aa 

no other substitute was available in sufficient 

n e caavia (juantity, reroutHg was had t<i jute. Small 

quantities of jute canvas hatl boon tnauiifuctiiretl in Calcutta for 
Bome yeara hafore tho war, by the (langCH, (iouri|mr and Angus 
Mills; but ui Fubrnaiy 191A, the (Controller of >Tute Manulaetuxes 
arranged with all the mills to nialfc it and, in tho interval, 
about 6,000,0(X1 yards have been moile. iJute canvas is praetioally, 
therefore, a war dev^opment. 

Jute ia not a higli class fibre, like flax, and jute canvas is not 
80 durable as fiajL oanvos. Its oomparativo inferiority has indeed 

been the cause of adverse comment, particularly in casea where 

the material has had to remain in contact with earth, or exposad 
to continued damp. The feci remaiits, however, that the jute 
canvas hsa provided a substitute for flax canvas and has reatoi^ a 
position whi^ would Imvo been almost intolerable without it. There 
eoema no doubt that jute cuuvaa has coino to stay and that, for 
certain purposes, there will be a ready nuu-kot for it hi future years. 

Tho situation, in regard to jute during the war, baa been an ex- 
traordinary one. In 1913-14, the export of raw 
trad!?** ** **** oomitriea, including the' Con- 

tinent and Dundee, was about 45 lakhs of halei 
or half tho total crop , and of this quantity Oeruiany and Auitris 
took by far the larger proportion. On the ofitbreak of war, with 
a very large crop in hand, the whole of the export to theenamj 
Countries, and later on to Italy, was out off ; while shipments avao 
to Bngland were necessarily severely restricted. At the same time 
as already deecribad, there arose a great demand for jute manufaottm 
in the shape of sand ban, osnvas, oorti sacks, eto., for waa 
‘tnmoaea. for which the Calcutta mills had .become praetioally thi 
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only loipoitaiit iiianufacturiiig agency Thus, there was a jilebhura 
■of TAW fibre, and the puce of the latter fell to a low level At the 
othoi end, numorouB bnyeis were competing nnth OHch other for 
the inaniifdctuTod product, the price of whioli naturally rose conai- 
dorubly. The appointment of Colonel Wilaoii os Controller of .lute 
Manufaotuiiw brought with it the organized jiurohase of muiiu- 
fauturcd goods, eliininuied ooiupotition amongst buyers and resulted 
m very large savings to Uoverniuent and to all purohosors In tho 
eiiBo of Hand bogs, the Havings may bo gauged front the fact that 
the control oontract and pre-control prices were ils. 41-0-3 and 
its 73-8-0 i>er hundred respectively. The ouTrespoiiding prices 
for ciuivos were XU. 1-1-0 and As. 1-11-0 per yard The total sav- 
ingH to tho Homo and Indiiui QoveriimentH are estimated by Colonel 
WiIhou at apxiroxiinately two croroH of rupees, auy €1,300,000 ster- 
liiig, in the year 1018 alone 

Ntiinorous oxjiermientH have shown that there are possibilities 
ill India for tho production of fiax on a oonsidorabln soalo. In 
the United I^ToviiLues, the investigation had justified tho distribu- 
tion of seed to cnltivatorH for the produotion of straw; but 1>hui 
had to be almndoned for tho time being, because no suitable agency 
Was fortiheomiiig fur tho extraction of tho fibre. There is n Biiiiilur 
opening in Nort>h Hengal for the prodiiotiun of ILax straw as a oulti- 
vutor’H cro]i. if the iixtraction of Uio fibre oiui be arranged for indo- 
jjondciitly. Cun>ful experiments in botli Bihar and in Assam indioate 
that the oriq> could be mdtivatud with jirofit in those tracts even 
at pre-war prices for tlie fibre. . 

lliu jmsitioii in regard to flax on the outbreak of war has already 
bum doHoribed, and an ajtjjeal wfiM mode to India by the Home 
Oovonimcidi to ctioonmgu the jirmhiotion of flax us far oh possible. 
To uitriiduet* u practicidly new (troji miiUcieutly ijuiokly, and on a 
snffioiontly large scale, to ufTout tho suiJply of flax seriously, was 
inipoHsible ; but interest h.ts agsin hooii lenewml and tho high prices 
at which flax is sdling, and m likely to oontiiiuo to Hull, will 
help to mistuin it until such time ah flax is a metro or lois normal Hem 
in the crop rotiitums of the more suitable troots. It should be men- 
bioned that at IcAst. one large firm is oontemplalsng the purohasu of 
Qax straw from cultivators. 
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' UI,~~8ann hm/p, 

ft 

At thjo timfi when the ahertage in flax waa being aeveroly felt, 
one of ‘Hie wtitera of thia artiole advocated the uae of auitably pro- 
pared eann hemp (crotolana pmcea) aa a worthy anbatitute for flax 
in oanvaa 

In oontrast to jutOi aann hemp haa the advantage of boiiig a 
fibre of the aame olaaa aa flax, and artiolea made from aann hemp 
would, therefore, while probably not ao good aa thoae made from 
fiaz, be of a maihedly more durable nature than jute gooda The 
neceaBazy aamplea were prepared and the opiniona exproBaod, while 

^ ^ ^ meana nniveraally favourable, leave no 

ConmiereUl^oapeeb. ^ ^ 

of being made into a decidedly better olaaa of canvoH than jiito. 
Moreover, two large oommeioial oonoema have taken up the matter 
and one of theae haa arranged for the importation of ilox apinning 
maohinery, which la to be need for the working of aann hemp and, 
in part, for flax when it beoomee available. It ia neoemary to atato 
that the uaea of aann hemp will extend to all the ooaraor inateriala 
whidh have hitherto been made from flax, auoh aa hoae pipea, 
belting, oanvaa and, poaaibly, ahoe-maket'a thread. There aoema 
Uttle doubt regarding any of these, oxoepting the thread, for the 
malaitg of whkh floz hoB a oonaidetable advantage in ita longer 
ultimate filaments (flax ; Bann«26 : 10). Bnoouraging roaulta have, 
however, been obtained. Thus a new mduatry is likely to be brought 
to the banka of the Hoogbly aa a direct re^t of tlie war, 

Bonn hemp is a widely apread Indian crop and the plant (no- 
tolana juncea) is a papilionaoeoaB legume, which as ia well known 
GoUeota atmoe^erio nitrogen, through the agency of liaotoria, wbioh 
attach themaelvea to its roots. Indian cultivator rocognimB 
aann hemp aa a crop whidh ennohea his land and any oxtandod uao 
for the fibre, as outUned above, would involve a oorreit|)ondutg aduli- 
tion to the agncultural resouroea of the country. Indeed, under 
oertain onoumataaoeB, the orop may realiso the ideal, long ainitMl 
at by agnoultansta, of oombining a green manure witii a revenue 
orop. So far indigo ia the only erop which has appioaohod such an 
ideal, but Iflic poaaibihtieB of aann hemp in thia direction ha\e 
already been recognized by the Gkivemment of India. 
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Saltpetre Manufacture in India. 

B? J. 0. Feboussov, I.G.S., 

C<m/m/U8U)ner of Norihem Indvt Salt Rsoonue. 

With the exception of email quantities made in Madiee for 
local ooDflomptioii and in a few Natire States in the north, the poduc- 
tion of saltpetie in India ie piaotically oonfned to Bihar, the United 
Frovinoes and the Funjab, in which proTmoee it la nuder the control 
and saperyisian of the Northern India Salt BeTenne Department 
Hhe recognised centre of the indnstry is Famkhabad in the United 
Provinces, bat the refined saltpetre of the Fonjab is saparior to 
that of either the United Frovinoes or Bihar. Frepaiation is by 
solution, concentration and subsequent refinement from earth 
containing nitrates, the product of bacterial action m the soil in 
and qtoond villages, where a large quantity of nitrogen is derived 
from the excreta o£ men and animals and the decay of vegetable 
matter. Nitrous sites are worked on leases given by the land- 
owners, whose growing demands in certain tracts hn recently 
been proving a hindrance to the expansion of the industry. The 
refiner in the Punjab is, ss a rule, a man of oapital who takes out 
the licenses fox the manufacture of crude saltpetre m his own name, 
employs his own servants on the work and defrays all oontmgent 
expenses. Tho same oustom is followed by the Muttra refineia 
in the United Ftovinoes. Ktsowbore in Nor^em India, the 
(the i f B s l l manufaotuxei of tho erode product in the viBages) him- 
self takes out tho license to manufacture for which he has to pay 
a fee of one rupee only, pays the lease-money for the nitrous site 
and sells his output to the refiner through a middleman, by whom 
he is financed from start to finish. 

In ,the manufacture of orude saltpetre, nitrous earth scraped 
dnyiwg the dry season from the roads, walls, etc., of the site leased 
fw the purpose, and mixed with an equal weij^t residual earth 
of the previous season’s working, is carefully packed on a false 
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bottom of bamboo and matting in shallow iUtei-beda of day with 
an onfioe at the bottom Water is ponied ovei the earth and the 
lignoi whioh luns thiongh oontainmg salt and other substanoes, 


ProfMi of monirfac- 
iim of ctiido Boltpetia 


as well as saltpetre, ia allowed to settle and 
u then d}oi]ed in iron boilers (United l^ro- 
vinoes and Bihar) or eyaporated by aolar heat 


m cement pans (Punjab). When the liquor has sufSmently concen- 


tfated, it IB left to oool and the crude saltpetre, which still contains 


a large percentage of common salt, orystaUises out Under tlie 
terms of his license, the luniya is not allowed to cany the process 
further or to educe any salt. The crude saltpetre of the United 
Froyinoea and Bihar yields os a rule from 40 to CO per cent, of 
refined saltpetre : in the Punjab, the average yield is about 80 per 


cent. 

In the refineries, the license fee for which is Bs. CO, refined salb- 

petie is produced m two ways. In the one, 
crude saltpetre is dissolved in the mother liquor 
from the czystoUisiug vats, whioh ia already saturated with sodium 
chloride. By heating to the boiling point, the potassium nitiute is 
dissolved and during subsequent concentration the sodium chloride 
is deposited as orj^ls and taken out, There then rmains a 
saturated solution of both potassium nitrate and sodium ehhuide 
whioh, on cooling very slowly in evaporating vats, yields crystals 
of fairly puxo potassium nitrate. The other ivoocss consists of the 
treatment of the earth round the refinery,* which is saturated uith 
the waste slltpetro resulting from the working of the factory. The 
aaltjiotre is recovered much on the aame principles aa those adopted 
by the Zunt^, but with rather better plant and greater care, and 
the process is continued to the eduction of salt. The resultant 
product, known as hiihia ealtpetio, is of high refraction, mainly 
from 20 to 40 per cent. The refiner haa the option, under his lioeuae 
of paying duty on his educed salt and pasaing it into conaumptioi) 
or of having it destroyed. 

The methods of oxtractiou and refinement have been, very full) 
described in detail by l)r. Leather (imperial Agricultural Chemist 
and by Mr. Hutchinson (Imperial Agricultural liacteriologiit) h 
Bullotins nos. 24 and 06 respectively of Uio Agrioultural Eese^ 
Institute, Fusa, and aro also Bummarised in Appendix F of thi 
Indian Industrial Commission's Beport, in which publioationa wil 
ho found vahiable discussions of the possibilities of increasing th' 
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Bonicea of aup^ily and improviiig the methods of production, as 
well as of the piooticability of relaxing the hampering restrictions 
imposed on the industiy in the interest of the salt revenue In 
this brief note it is impohsible to recapitulate these discussions, 
uhich merit the cai'eful attention of all those interested in the 
uidustry. Tliu outcome ot thuiii, tn ({uoto the last mentioned 
report, is that tlie puBition justilies experimental working on a 
largo scale with expert asHistance and control. There is sulBcient 
work for a baotcriologist, a chemist and a chemionl enginoer in the 
initial stages ; and the lestilt mH> ^eiy likely bo a great increase 
in the output, with a saving oi wasti* and a rhca]>oning of produc- 
tion.' The Industrial (ionutuBsion leeomnieiid that "tlie woik 
should at first be taken up by the iinperial Peportment of Indus- 
tries, which they propose, or liv a single local govonmicnt. and the 
results BO obtained dcmonstratefl bv provincial fk^parttnents of 
industries.’* Tliey also make HiiggeHtinns for the transfer of the 
control of the industry to local governments. 

As regards the quality of the saltpetre produced under existing 
eiiiidiiions, os things now stand the refiner's best jiroduot in the 
Piinjal) is only of about 4 p(^r cent, refraction, while in Bihar it 
is seldom better than |ior eniit.. unless reduced by washing, a 
process which in practice does not (lay, owing to the loss of wei^t. 
niie Bihar re/inones iind their best profit in tluMr hiihin output, 
which IS cheaply produced und for which — nmiuly of 25 to 30 |Hjr 
cent, refraction— there is a considerable demand for iiuimirial 
purpimcH and the tiianii{act.ur(» of fertilim*ni. 

Uj) tn IKf'iO nr u little lat>er, India was almost the only source of 
^ j . saltpetre, hut the discovery ot a method of 

tofy on luiry, BBllj«*t.re artificially from the nitrate 

^luposits of Kouth America and the Oennan potssli bods hit tho 
fndian trado vary hiinl, and whcrcus the extsirts in 1853-59 were 
over 35, (KN) tons they hod dropfS'd in 1 01 3- 1 4 to 13,400 tons, 
lu the five years iiunu*tliately piycedmg the outbreak of war, 
India's prineipiil custonieis. taking amougst them nearly the whole 
of the ex])orts, W'cre the United Kingiloni anti the United Hbates, 
ftmth demauds steadily declining) Uhiiw, Ceylon (demand steadily 
increasing} anti Mauritius, the iint' two taking low refractions, 
China up to 15 )ier cent, ftir flrt^works and Uoylon and Mauritius 
high refractions fttr tuauureH. Hmali quantities also went elsewhere, 
for curing und other pitrjioses. 
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In lecent yeaxB, the detailed figuiee ol the exports in tons were 
as follows I— ^ 

TabXiB 1. — Shounng the exports of aalipeire from 1009 to 1918 in Iohh 


Oonntiy. 


1000.10. 1010-11 kOll-ld lOU-lBi lOlS-lUi lUliUl?. 1D17.1H. 


United Kingdom . 3,807 8,060 2,386 0,113 3a,Oltt Sii,. 00 


United Btetei of 

Am e r ie a . . 6,4S1 4,440 3,381 708 4<MI 0.1u 7l» 


• . 4^114 4,876 4,«26 1,003 HH3 | .. 

Cklon ... 080 1,148 1,070 3. 100 1,633 J 

HmrtUiu , . 4,081 


1 6.1 


UnnKfUiu , . 4,081 8,680 1,808 1,360 330 { 330 3;i6 

MotborooimtclM . 1,668 036 1,170 736 703 | 3,3ltH 1,8'‘H 

To®*!. . 17,011 10,881 l'»,080 I 20,703 ‘JWWO "33,75" 


After 1914 the output was diverted to the ITiiitiMl Kitiudiim 
for munitions purposes, tho export of high n'frsHioiw heitifs stiippwl^ 
and s^ps were taken to increase thn output, alnwly Htimulated 
by a rise in price, by tho reduction to He. 1 of tlin Heitnm* fee for 
crude masufactore, iiie issue of lioonsus through pniHdlkm, itprinis* 
aion to compound for the duty on salt cduuiitl in ai^ 


tbe opening of areas hlthvrto pnihibit'iMl on 
account of the rrlatively hi!;li iimiMurtinu of 
salt oontained in tho earth. Tho resulfh a ( ilniStt iiiMtmirvu uilf 
he seen In the following figaioe : — 


Tan&a S.—lVumier of licenaea issued for ptaduetion of crude saUjict/e, 
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Tablb S^Nuaher of refinerua Koenaed* 


Yeai: 

Bihar. 

Uhifced 

l^rmnoa 

Punjab. 

iei3-u . 

■ 

4 

■ 

> 

m 

» 

SIS 

88 

33 

1914-10 . 

4 

■ 

■ 

* 

m 

« 


83 

38 

a 










1916-10 . 

A 

• 

■ 

* 

• 

* 

SIS 

06 

37 

1 

1010-17 * 

■ 

* 

S 

■ 

• 

9 

827 

138 

48 

1917-18 . 


• 

• 

• 

■ 

• 

818 

140 

60 


Tablb i.-^Produe$ion of refined eaUpeire in maunds. 


Year. 

Bihar 

ITiiited 

Provlnoaa* 

Poi^ab. 


Uda. 

Mda. 

Mda. 

lOLS-ll . 

1,86,373 

1,00,760 

87,010 

lOU-16 

3,83; 1S3 

1,83,380 

1,00,170. 

• m ■ a e*e » 

8,18,000 

8,30,068 

1,63,801 

1Q1(I*17 e e t « ■ « • 

8,41.038 

8,00,000 

8.46.070 

1017*18 • 4 • • ■ ■ ■ 1 

1 

8,30,431 

a;68,ltS8 

1,60,008 


KxportH Himilaily nuio io ovtir 23,000 toiw' in 1910-17 and over 
22,000 t(iiui hi 1917-18* TIla fall in production duri^ 1917-18 
wu duo to abnormal rainfall during tlio manufaotnring loaiou. 

The following table gives tbo pticee provailing at Cblratia por 
factory mauitd of 74>07 lbs. of C per cent, rofraction saltpetre during 
January and July of each year from 1897 to 1010:— 
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Table 5 . — Ualeiitta prtce for factory maund of C per cent refraction 

eaUpetre since 1897 



In 1916» ovnng largely to market manipulation rather than to 
any inereosed price obtained by the mann&ctnxerB, aelling ratoa 
roae ao high that they had to be axtifioially reatrioted, the'' 
•export of ealtpotre waa prohibited, if ahipped at prioea working 
out higher than Ba, 18-12 a factory mannd for 5 per oent. (or leaa) 
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and Ra. 12-14 for 10 per cent, refraction f. o. r. at port. Thewe 
rates, wliich f^avc no incentive to efforts to produce lower refrac- 
tions than 5 j)er cent, were under re-examination when the muni- 
tions demand ceased, refiners complaining’ that the great rise in 
tlic rents of nitrous sites, wages, the cost of slieet iron for i)oiIers, 
and of fuel, etc., had deprived them of any profit in the business. 
The. future of the industry is somewhat obscure, and depends 

r. , , on the demand for saltpetre “ whether,” to quote 

Future prospects. j, i ^ i • • < it ■ 

tlu^ Industrial Commission once more, in their 

lemarks on the degr(‘e to whie.h the restrictions on manufacture 
imposed in the interest <}f the salt revenue might justifia)>ly be 
relaxed, “ as a source of explosives or other manufactures, or 
for its manurial value in India and countries comparatively near 
India — a factor which is likely to be aiTected hy the d<;groe of import- 
ance that may be attached to tlui maintenance of a British Empirci 

source of supply. It is likely that the demand for these purposes 

will assume considerable importance. Gunpowder will always be 
wanted in large quantities, while the preservation of foods and 
the manufacture of glass also require saltpetre. The linos of 

action that sliould be pursued should be in the first place to syste- 

matise, improvt', and cheapen the prac('sses of manufacture. I'his 
W'lll give a suitable basis for the iiexi stop— the increase of the source.s 
of production.” 
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The Indian Pine Resin Industry. 

Uy a. J. niBScw, L?.S.. F.O.n., 

DfpiUy OomerwlOT f^f ffarcutu, Saiin V&f&A Dmown, Puajtdi. 

The production of rcwin anil tnrpuntiiio hy diKbillatioo. from the 
resin of the low-lovel IHmalayuii pine, fima lonffifaHOt has taniU 
rapid etridea lu India in the last fmv ynarsi and the (ornet ilepart- 
numt factories at Dhownli, tlnited ProvtneoH, atul dalio, Panjnb, 
have hoen hard pat t 9 it lo meet all tlic clonmiulH on them, ns 
imports of rosin and taT^rantiue (mainly American, niiher direct 
or vid tho United Eiti^m), have boon rt‘dueisl very grnaUy Mniie 
the war began. Modern methods, too, have Hacr^snliai in Htaiidurd- 
ising Indian rosin and turpentine as iiienufactured at tlio Jalto 
raotoiy, and the United Provinues are copying both tho plant and 
.the system in thoix new factory now under couHtractian at iiaroilly. 
'^e indoBtry, consequently, shows ouiuiidexablo promise for the 
future. 

The Ordnance Department have made ams of tho rosin for shrap- 
nel shell filling and varniidi making to a conHiclutablo extent, in the 
last two or three yoaiH, whilu witliout the liulinit turpentine, rail- 
ways, and other large puint-conmming ooneorns would have had 
•groat difflculty in getting their essential tHdtit-work dune. Rfiaia 
» an important constituent in paper and soap making, while rosiii- 
■oil, the product of the dostruoUve distiration of rosin, is the msin 
ingrodieiit of a class of largely used luhricating greases. There 
is thus ovary reason to continue developing the industry along 
sound oommorcial lines to tlie dcmiiiul in Inilia for urticlM so 
far lorgidy imported. 

19'or the year ending 30tli June ItdH, Uie United i^rovinoes and 
Vunjab Vorust Dop^numts wm working U, 485,223 biases in their 
farohts fur crude resin, over an luea of (12,4U3 amvn. the pnduet'on 
•of turpentine being 14],iOT gallons and uf rosin 58,000 iiiaundt 

maund 82^ lbs.). Tlie subjoined taldo contrasts the figures 
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of 1U17-18 'with impotts plus ludion output in tlio paut ten 
years ' — 


Tadlb 1 . — Imports nnd produition of roam in India diving ifut pa^l 

tea yetvB, 





Hoanr 

(maiiiidii) 


Tnamnihs 

(ijaUani). 

FUAVCUbyiAB. 









Imported, 

1 

Indian 

oal^aa 

Total. 

Imiraited. 

ludifto 

emtpat. 

Total* 

1U07-US 

« • 


0.600 

110,708 

333300 , 

16,080 

238,040 

ItKNMJO 

• e 

7e,6!!0 

0.8U 

89,331 


23,803 

277.102 

ieo0.is 

• e 

87,040 

10,448 

98,089 


24,105 

218,808 

ieio.li 

« i 

00,840 

0,084 

08394 

107,720 

17,061 

214,771 

1»11.1S 

* « 

03,478 

18,268 

I03;740 

200,448 

27,766 

294,199 

iei2.is 

■ e 

80,484 

27,908 

II3387 

261,070 

60^940 

311,820 

ieia.i4 

« e 

62,703 

27,420 

90,112 

103,037 

68^808 

282,740 

1014.16 

* m 

34,063 

33,802 

07314 

142,438 

7M80 

220,927 

1016.10 


43,071 

47,140 

90,220 


111,836 

198,836 

1010.17 

m a 

88,701 

60,838 

01,224 


12IMW0 

20M4i 

1017.18 

1 

• t 

44,004 

80,088 

iifiWa 

140^778 

180,062 

270A24 


Them f^uruH show that the looal manufacture is having a steady 
divot cm imports but that a oonsidoiable amount of expansion is 
still noccasaiy to Hccuro the Indian market^ fully* 

Thrro in vnornioUH HCtnpv for Mioh vxpanwon \ tliuRy the area of 
fhivomiw'nl owned jihius IwgifiMii forcvilH which could bo tapped 
ean be vHtinmtwl nt v\m^ on 43(»,0U() acrcHp while foroatH in Indian 
Btates would double this ligure. In addition, large areas of other 
Hpecies **f piue in the IlinuilayHs of the ihinjah, Untied Trovtuoes, 
Afwani and the hills of Hurma will become available as soon as com- 
munieations are improved or developed. One may put the ultimate 
yn^- Tri ir Ttiim annual production of Indian rosin and turpentine at 
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600,000 inAiinda and 1,600,000 gaUoQfi reBpectivcly. With such an 
output at its oommaud, India could probably meet the demanda of 
Africa, the Straits, China, Java and AustroloHia os well as her 
own, hut it will require many years of ejlort and organised ezpan- 
B.on before such yields can be thought of, far less bo attoinod 

Enquirers should address the Manager, Hhowali Factory, Bhowali 
Post Office, Naini Tal Distiivt, United Provinces, oi* the Deputy 
Conservator of Forests, Resin Forest Division, Lahore, Pimjab, 
and these officials and tlie undermentioned agents will always bo 
glad to give infoimation, quote rates and furnish samples:-- 

Calcutta,^ -BLeam. Orawfoid & Co., Ltd, 8, Olive Street. 

Mossrs. Wilkinson, Ilcywood & Clark, Ltd , Oriental 
Buildings 

Madraa, — The Bombay Company, LinntiKl. 

AomcAi,— Messrs. John Fleming and Co. 

Indian rosin os inanufaotureH at Julio bos been pronounced superior 
in many respects to Anienmii, while .Inlln (Quality I turpentine 
has been certified as very suitable for paint iiianufiicture by the Rail- 
way Board Test House, Alipon*. Furtlior information on the sub- 
]eot of Indian rosin and tur^ientino is availabb* m the following 
puhlicattbns, as well as m the Aimual Foxost Reports of the Unitofl 
PiovinoeB and Punjab Forest DepartinentH, articles in the ** Indian 
Forester'' and ledger fUes of the Fon^st Economist bmneh of the 
Imper aJ Research Institute, Dohra Dun 

1. “The work of the Forest Department in India" editeil by 

R S. Trouj>, I.F.8., pages 42-48. (Su|S‘rintend(mt of 
Goveiumeut Prmting, India, 1917). Print unnas four. 

2. “ Tho resin induRt.ty in Kumaon " by E. A. ISmythics, I.F.Sw 

(Superintendent of Govemniont Printing, India, 1914)* 
Forest Bulletin No. 20* iVice rupeo one and annaa four. 

S. “ Report on Modem Resin Factories os applied to India,*' 
by A. J. Gibson, I.F.S. (Superinten^t, Government 
Printing Punjab, 4914). 

4. “Notes on Tuij^tines of Pimis Kbasya, Pinus Merkusii 
and Pinus exoolsa,*' by Punui Singh, F.C.S. (Superin- 
tendent of Govemiuout Printing, India, 1918). Forest Bul- 
letin No. 24. Price atmtte two. 
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Masdesite. 

By Bb. H. £. Watson and Db. J. J. SoDBonoufiB. 

InAian Institute of Bdenee, Bangahre. 

Vczy eoctensive deporits of somo of the finest magncBite in 
the world are found at Halfsm in the Madras ¥^CHiden<7, but al- 
though this mineral is usually considered to be of cousidonible 
value, the Indian depotdts do not appear to be worked to an extent 
at all comparable with thdx siie. This is due to a variety of causes, 
the chief of which appears to be the snudl demand both in the 
country itseli and for export purposes. The only other xnagnesitc 
of purity comparable wilh that of the Madras produet is of Gree> 
Gian, German or Austrian origin and it is possible that the export 
trade from India may develop to a considerable extent, as the world’s 
demand is largo. Xbr instuncc, the United States iniported in 1003 
00,000 tons of the crude end calcined material. 

Ill addition to the export trade, there seems to be no reason 
why the iiiiigncKito riiuuld not be used more 
lai;^y in this country for the manufacture of 
oeinunt. The proeesH is a simple one. The magnesite is first oaleined 
at a dull rod boat in an oidinary lime kiln, or, if it is desired to 
collect the carbon dioMdo,ln iron retorts. The rcsiduo of magnesiam 
oxide (magnohia) is then ground and is ready for uso. To make 
the comont, this magnesium oxidu is nioistenod with a conoentrated 
solution of magnosiuin chloride. The soluticm diould contain a 
quantity of chloride between 15—25 par tsent. of tlie weij^t oi 
mJile. 

Such a oiittoiit Hots very rapidly, but would be too hard and toe 
expensive for ordinary use. In practice, it is always mixed wit> 
some inert material such as sand, asbestos, sawdust or emery, on 
it is then found to posscHs rcntarkablo binding powers. Five puts i 
magnesia with 93 parts of sand will give a medium quality artifteij 
stone. If the proportion of magnesia is raised to 15 per cent., tin 
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Btoiie produced is stcougei than nearly all the natural Btones which 
are used for building purpoMs. By suitably mizing the ingredienta 
and introducing oolouring materials, an imitation marble may be 
produced, which will take as high a polish as the best natnral stone. 

If emery or corborandum is mixed with about 15 per cent, 
of the cement, and the product mnuldod, emery wheels of fair 
qualify, and. contaming only a small percentage of binding material 
axe obtained 

When sawdust is used as the filling material, the resulring pro- 
duct is springy, and makes an admirable rooring, which can be 
laid down witliout joints and fitted into any shape desired. It is 
lutoal to cover this springy layer with another one containing a 
mineral filling. This upper layer can be made of any colour and 
finally polish^. 

nuse floorings, in spite of many advantages, do not appear 
to have been used in India, because it has been found in some enses 
that they tend to wnrp, and it is said that fhey cannot bo laid on 
an ordinary lime confaeto bed. ExpcrimeiitM which huvo been in 
progress at the Indian Institute of lienee fmr soino time, seimi to 
show that the warping is mainly duo to the uini of too niucJi magiie- 
sium cUiMide, and to imperfect mixing, while there is no objection 
to lime concrete as a bod. Larger scale cxperiinonts will lie aecos- 
saty before this can be proved ooucluMvely, but it is jiosHible that 
the use of magnesia for this purpose may be considerably dovcbpscL 

Another objection to the uss 'of msgnesia cmeiits lias boon the 
difficulty of obtaining magnesium chloride. Owing to the high 
price of hydrochloric acid in India, it is almost out of the question 
to manufacture the ohloiido from magiujoito, but it has Itecn found 
that bittern water makes a very effective substitute for all exoept 
perhaps tbo highest grade oouicnts. An cnoimoiu quantity of this 
bittern water is thrown away at all common salt faetoriest and 
is to bo hod at a nombial price. 

Tiles can also bo nuide in a similar mnuncr. High-grade tiles 
usually have a foundation made from sawdust ami the cement, 
and this foundation is covered with a thinner layer having a fins 
earthy material as the filler. This layer may lie coloured or mottled 
ill various ways and is usually given a high iHiIish. Home low-grade 
tiles have lieon made in the Madras Brosldcncy by using a mlnersl 
filler and bitterns in plooe of magonium chloride. When bitterns 
are used, there is sometimes a ti^enoy for a white effioresoenoe 
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to make its appearance on the eiirface of the tiles or flooring, but 
this u not marked if the proportion of bitterns used is not too high. 

In addition to its use for cement, magnesite is a Taluable 

Mineftta btkki matenal for making bricks for furnace linings 

The ordinary calcined magnesia cannot be 
employed for this purpose, as it absorbs moisturo and carbon 
dioxide from the atmosphere If, however, the temperature of 
calcination is Teiy greatly raised, considerable shnnkage takes 
place, and the product, which is known as "dead burnt” 
magnesia, no longer absorbs moisture and carbon diomde. If it is 
then moulded into bricks, using about 20 per cent of lightly burnt 
magnesia and some water as binding material, and refirod, a very 
high class refractory brick is obtained. Unfortunately, the tem- 
peratures required for dead burnmi; aro so high that they can only 
bo obtained with high-grado fuel and special kiliw, and it has hitherto 
not been foimd possible to make these bricks at a profit noai the 
source of the mineral. 

• 

All the magnesite bricks required by the Tata Iron and Steel 
Works aro now manufactured in IniHa % the Kumardhubi Fireclay 
and Silica Works and they are stated to be quite equal in quality to 
importeil bricks. 

Finally, there is a possible use of maguesito which has been 

frcqiieiitly cotisiderefl in this country, namely 
Mmmitiiii bvipaate. production of magncbinm sulphate, or 


epsom salts, by treating the mugiiosile with sulphuric acid. 
Although magnesite is so cheap, the price of sulphuric acid is 
very high, and in iionual tiuies the cost of the acid is nearly 
as great as that of the importi^d flnished matezial. It is just 
possible that a large factory might run with a narrow margin of 
profit, if a good priee enuld be realisi^d for the carbon dioxide, but 
the total demand in the country dmw not appear to be sufliciont to 
warrant the eHtiiblislinii>nt of such a coticem. During the war, 


iiiugiiasium sulphate has been nmnufactuTcd at a profit by sovoral 
Arms ill fitdhi: one eoniimiiy hits been making about 500 tons a 
iiiontli from tlieir own milpliinic acid. Whether tho maiiufaoiuro 
will a ]Niyiiig industry after the war suonistodcjieiitl on (a) whether 
tho fiimt of protluctimi of sulphuric acid in India can bo appreciably 
reduml (see p. OL) ami {h) iMWsihUi aoiiipt^tition by tlie production 
of uiagneHluiii stilpliata from Indian bttiitnui (sec p. 807). 


8b2 
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Mica and Micanite. 

Bt 0. H. Tifpbb. 
Qedlogiettl jSwvey of India. 


I.^Mioa 

Witli the oxooption of a amall quantity of plilogopite won in 
Travanooio the mica tninod in India bdonge to the vaxioty knonn ag 
uiUHOOvite. 

The chief mining controB aie (1) thoBihai mica belt, a strip 
of country about 12 miloB brood and 00 — ^70 nulee long, running 
obliqutily ocroBH the Mon|diyv» HoEoribagih and Qaya dietriota in the 
piovinoo of Bihur and Oeihbo, (2) the Nolloie dutriot in the ]tfadruH 
Prceldenoy. An attempt u now bdng mode to open up a proiniaing 
area in Ajmer-Merwara, Bajputana. 

The rooks in which mioa oocuis in paying quantities are known 
as pegmatites and may bo lookod on as the end 
tJSS^ and locaSp product of a granitic magma, the constituent 

minorttls being mioa, felspar (commonly miero- 
dino), and quarts. CkystalliBation took place at a ooniparativdy 
low temperabuio under oouditionB of abraluto quiosoonoe^ result- 
ing in tho segregation of tho constituent minorols into largo 
and oomporativoly puio*ni8aBee. The forms of the lo-oalled prg- 
inaitto ** intnisioiiN " vary greatly. The more reguler and retH 
trioted dieotsand dykes with a regular sLiiko and dip axe those 
which are moro easily minod. Goarseness of grain is nob oorxdated 
with sins of tlie "intrusion.** Largo maseoe^iffe much finer in 
grain than the emallor and more restrioted ** intruaionB.** Almost 
without eaoeption, those pegmatites canying payable mioa dmw 
a wdl detolc]^ central core of quarts, whioh sh^ee off gradually 
into softer pegmatite on both walls. Mioa is usually better devol- 
opod <m one ^1 which may be either the hanging or the foot wall. 

Certain ueeoBeory minerals sooh os touim^e, garnet, apatite 
and beryl are common. Others axe rare and indlnds some oontain- 
ing rare eutbs, samarskite, pitdUblendo and monasite. 
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The locks traYersed by the pegmatite “ intnuioiiB ore mostly 
various types of sohists. In general, the strike of the ** intrusion 
is m the same direction as that of the rocks traversed. Eimep- 
tions are by no means rare. 

Mining praotioe differs in the two principal areas. In Mellote, it 

Miniiif iMthodB. custom to attack the pegmatites 

by means of large open quarries. The depth 
to which such can be worked sucoessfolly is limited by the stabil- 
ity of the walls of the quarry, the accumulation of lai^ heaps of 
waste in the immediate vicinity of the workmgs and by the depth 
of water level. In the Bihar mica belt, ihe majonty of the 
workings arc still carried on in the primitive stylo of sinking a 
narrow, winding hole from "book” to "book” of mica, while 
the mien waste rock and oocninulaiod water are raised to the 

BUI loco by hand. 'Jlio important factors of dip and strike arc 

not recognised. Although this represents tlio practice of the 
majority of workers, some firms arc now working in an np-to-date 
luuniiur with meohauiool equipment to deal with waste rook and 
water. In one or two coses, compressed air drills have been sue- 
ooHsfiilly introduced. 

The dofccts from wliioh mica may suffer arc many. There arc 

cracks of vurions kiticls, ridging, crosS'graining which causes the 

films to break and not split evenly, mclueioiiH like tourmaline and 
feathery skeleton erystuls of magnetite, air spots due to minute 

spherical bubbles <»! tiir brtiveen the finest filmR, black spots, stains of 
nntd uiid iron, buckling and waviiioss of the films. 

(btod mica should lie uniform in colour, free from oil cradks, 

imilnmons and fiaws. It sliould split uniformly and easily. It 

slioiild be fiat, giving n iHirfoct ri^action. The colour of mica 

is vuiiobte. Tile Bihar mica belt is the homo of "ruby” mica, 
while in Mudrss the ])redoniiuant colour is green. 

After thv iiiiea has been raised to the surface, it lias to bo pre- 
pared for the market. Tho green Madras 

trimmlSK end gnd* trimmed by means of shears into 

rectangular blocks which receive no further 
treatment. The Bihar mica is all cut by the country sickle, with 
which the trttninnr is enabled to cut round all cracks and flaws. 


Ibc riwiiltiug bbirk is very irregular and shows all sorts of xo'cntrant 
angles. 1*he inlvutiiHges of sickle trimming are (1) there is less 
waste, (2) there are no square comcn to fray out, (3) the trimmed 
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blocks are more eanly split, (4) it is not oonsidsEred as numnfao- 
tiiied mica for impoit into the United States of America 

When the mica has been out, it toquircs to be graded into 
qualities, cleai, digbtly stained, fair stained, black spotted, etc. 
Mica is sued according to the greatest number of square inches 
'which can be measured as a reotangolar figure, leaving out of account 
irregularitieB duo to cutting and any flaws remaimng. The total 
waste during mining and preparation for the market is very great 
and, in most cases, is not less than 90 per cent. This is largely 
due to the fact that it is the condition of the product mined, which 
is of prime importanoe, whereas in most other forms of mining 
the condition of the product is a seoondai'y consideration. 

Praotically the whole output of mica is exported from India 
in the form of block mica and splittingH. No attempt is mode 
to work up the raw material. Up to the jircsent, the enormous 
accumulations of waste mica in the different mining centres have 
not boon put to any praoticjil use. 

Mica is chiefly used on an insulator in the different fonns of 
electrical macHinery. Thu out-put for the year 1917 was— 

Cwta 

from Blhnr itod Oiku 34,137 

M Madnui (NuOtto) , 3.060 

„ Knjpottnii 730 


77.— JlfioniiVf*. 

Nioanite can bo best duseribod as rceonstnicted mica. For 
this purpose miioll sued block mien (No. G chiefiy) is split into 
the thinnest iKiHsiblo films. Iho splitthig is done by women and 
children, who use a long, sharp lunntetl knife. The speed with 
which tile splitting is done is remarkable. The films so obtaincil 
are cemented together with shellao dissolved in spirit. The films are 
spread by hand on a sheet of brown paper and am then spriitkisd 
with the oementing material, which is bmshoil over as uniformly 
as pogsible. On this is laid onothex layer of films and then more 
sheila^ until a sheet of the required sine and thickness has been 
built up. These sheets still require to bo steamud, presiod, rolled 
and trimmed. Not only is it possible to make sheets of any 
siae, but, with suitable moulds, odd tiiapad insnlatois can be 
pr^sxed. 
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In spite of tlie fact that the raw materials are all to be obtained 
in India (of shellac it has a monopoly) and a plentiful supply of 
cheap labour, micanite is only being manufactured in small quan- 
tities. 
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Hardware. 


Bt H. a, V. Mubgbave, 

BwptiriiUmdanl of (ha QooenmaiA Test Rouse, A2tj}or«. 


Haidwaie, Bpeoldog geiienill 7 , ^ is known in tlio t^ade 

DcOnitton, ^ ** Shelf Goods*', hhe items of wliioh aro 
contained in the Sheffidd and Bimiingliam 
Cliaxnbeis^ list completed and pablished more than a oentuiy 
Ufm* The term indudeB deotroplated ware and outlery, agriculturaf 
iinplementB, domestio utenailB, iron and galvanised iron backets^ 
lamps of all^ kinds, mnohine tools (t.a, tools for use in metal 
cutting maobinery) and hand tools for all tradeB, small maohhieiy 
worked by hand, brass ware, such as gas, water and eleotrio 
fittings, fire hy^ants, cooks and taps, safes e^ strong boxes and 
many other articles too nnmeroas to mention here. Outside the 


trade, the term “ iron-mengery "is in more general uee and 
it IB those olasses of hardware, which the ordinsixy person oaUs 
iron-mongecy to which this artide is principally confined. 

Before the war, the bulk of India's lequirementa was imported, 
«««.! !.« “d in the years 1912-18 and 1018-14 the total 
the vu!!” ^ ^ of hardware brought into 


the country averaged nearly two and a half 
million sterling, On its eutbxeak our needs were greatly inoreased, 
because, owing to their work and conditions of troops in the 
field require large quantitica of hardwere, which they would not 
othemse^ uso. This k special^ true of Indian troops, who in 
oivfiian life use v^ little imported hardware, but ae sol^en have 
to be supplied with all kinds of utcpsi ls to army pattem. But 
BO far from increased euppliee being available, It was soon found 
necessary by the Home Government to prohibit s^^ort of hard- 
waro almost entirdy, lioensoB only being issued for the export of 
such artioles as were considered necessary, ebher diiectty or in- 
direotlyi for canying on the war, A certain amount of material 
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VBB fortonatoly h^d in stook by moioliAiLtB in Induy but as tko 
tima want on tiheii stooks booazne dapleted i^Tid tho q^noBtion of 
mooting indonto booBjno inuteoflingly difficult. The leoult wbo that 
very soon afbec the commencement of the war great difficultioB were 
fiitperienoed m obtaining hardware neceaeaiy for the armiea in the 
field. 

This state of afiaizs naturally stimulated the manufaotuie o£ 
oertain axticleB m this country and also led to increased but in> 
adequate imporfB from Japan and Amerioa, These were confined, 
however, to eertain axtioles, and a large number of things previously' 
imported from Austria and Germany Were almost unobtainable. 
American gobds were on the whole satisfactory, but many of the- 
ortioles that came from Japan were of inferior quahty. 

As the followmg table ahows, during the war imports of galva- 

nised iron and tin buckets, which used to come 
and ♦friH ^IrSf**”**** almost entirriy from the United Kingdom, prao- 

tioally ceased 


Tablu 1. — Im^^orls of galvanued won and tinnod buckets from 

1913 — 18 . 


Country of origin. 

1018-14 

1914-16. 

1016-10. 

1010-17. 

1017-18. 

United Kingdom . 

£ 

00,078 

m 

£ 

44,088 

£ 

9,780 

£ 

8,876 

£ 

0,804 

ToTAb (lacLnsnio oxhbb 
towmoMB), 

07,008 

46,183 

0,780 1 

^ 1 

H 

0,208 


There was no falling ofE in demand, but the deficit was to some 
extent made up by fhotoiies in India, which were eqmpped specially 
for the manuffiotnic of this oIbbb of goods from imported sheets. 
The folloiring table shows the imports of builders’ hardware, such 
Bifldsisi* lundwira as locks, hinges, door looks, etc. i— 















388 


Zniian Aftimtiojia Board Bandbook, 


Tabia 2. — Im^porta of builder^ hardware into India from 1913^18, 


Conntiy of ongln. 

1 

1018.14. 

1 

1014.16. 

_ 1 

1916.16. 

1916-17. 

1017.18 

•United Kingdom , . 

£ 

63,070 

£ 

63,890 

£ 

00,676 

£ 

08,344 

fi 

89,383 

•Oexmany .... 

69,868 

84,780 

1.948 

176 

■ « 

Jnjiuxi . B • . 

73 

7 

986 

16,387 

36,303 

Uiiltod Stotn* of AmerJoo , 

13,886 

7,199 

26,460 

41,6>8 

63,303 

Totai. (moi.w>iaia otxbi 
r'unvTiuiA> 

104,176 

04,871 

116,866 

B 

182,443 


Before the 'war, the import trade vbb divided ahnost equally 
between Great Britain and Germany. Imports from Sngtand have 
dropped over 00 per cent., while thoee from Gomiany eeai^« Both 
the American and Jaiiaueee ftttingB, however, have come in in large 
qniiAtiticM while local nuuiufaotiire hoe greatly developed, ao that the 
ehortage has not been uo marked aa in moat other olamea of hard- 
ware. 


Tabui Sj^Jmpoiie of domestic Aordtoafs, athar than enanuAUd van, into 

India from 1913^18, 


Obnntiy of origm. 

1018.14. 

1914.16. 

1916.16. 

1918.17. 

1011.18. 

United Kingdom . ■ 

£ 

66,760 

£ 

40A87 

£ 

81,870 

£ 

88^ 

£ 

9(^948 

Qonnaiw • . . • 

46,010 

18,018 

891 

474 

■ • 

Japan .... 

6,300 

2,041 

0.730 

9^780 

7AM 

United OtaiM of Amerisa . 

3,064 

2,961 

8,92g 

Msa 

M£7 

Total (mcLumio onsa 
tioomMui). 


68,801 

01,188 

6MU 

44,078 


Aa in the oase of btuldeta' hardware, the United Eixtgdom an 
Germany were the principal importen and their trade hae foUe 
off in a preoioely alndlaK way. But in this ooae other ooontdee hav 
wfnf ofamnAd into the breach. 
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Paslb 4 . — Imforla of enamelled ironvare into India from 19IS — 18. 


Cooniiiy of oilgln. 

1013-14 

1014.16. ! 

1 

ioi6.ia 

1016.17. 

1017.10. 

litod Xfogdom , . 

£ 

16,881 

£ 

10A84 

£ 

7,807 

f 

£ 

. 11,101 

£ 

14,71.7 

lIXttAD^ m • t ■ 

41,065 

13,876 

407 

688 

20 

utde -UangBiy 

184,028 

40,888 

66 i 

1 

687 

S;S87 

ipflO • • . » 

400 

i,m 

47.783 1 

116,847 

100^410 

niiii (KNoiiiruiao oessH 

aommiiu.) 

m 

60,704 

67,806 

1 

181,086 

188,008 


Before the war, this trade woe, almost entirely in the hands of 
01 many and Austria At present, Japan ih the largest impnrteri 
It two ooiiipauios in Calcutta have undortokon the maniifooture of 
luniellofl ironware, and one at least will shortly be plaoing its 
)ods on the market. With the likelihood of the manufacture of 
on Hhcots in India, and the constantly growing demand for artiolee 
1 this material, these ventares appoiit to have a good future before 
lom. 


ABLU of mflmehtH twd tooU other than agrieuUural 

imfilrwrutii ami warhute twin frftm 1913 -^ 18 , 


Itwntiy (if (tfifftn 

1018- U 

1014.16. 

1016.10. 

1016.17. 

1017-18. 

fnitnl Xinifdom . 

£ 

211,036 1 

£ 

100,288 

£ 

148,201 

£ 

160,813 

£ 

184382 

kinieoy .... 

in,tiHH 

6,608 

1,616 

Bt 

■ ■ 

tehdum .... 

0.060 

8,486 

880 

10 

■ « 

spen .... 

4 

0 

1(17 

774 

4,108 

hiHecl btstm cf Amfrlcs • 

31,087 

86,168 

64,846 

45,801 

111,161 

^AL (UfCIA'IiltkO nniKU 

conmnwi)* 

271,631 

288,(103 

260,014 

il(t766 

846,040 


liocal inanuiaeturn has bmi haitiiiered by iilie shortage of tool 
iteel, which is not yet itiade in India and could only be i^axed 
ly other oonntries for ewential war purposes. 
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Tabib 6 . — Im^aortB of metal hmpa into India from 1913^18, 


Oonnfery ol oidgiii. 

1018-14 

1014rl0. 

^ 1016-16. 

1 1016-17. 

1017-ia 

United Kugdom . No. 

s 

S04,6SB 

i4t537 

! 288,748 

1 88,847 

ivtjm 

20,883 

1 

1 78,310 

1 stfMr 

36,300 

10408 

<3cgmaDy . .No. 

£ 

1.066.727 

07.SSS 

1 ^400,623 
j 88,728 

46,470 

SMI 

7,154 

IBS 

134 

1 2? 

AnetEw-Hnogaiy . No. 

418.584 

148,670 

« o 

StO ! 

5 

£ 

9S,S8I 

1 9.820 

• • 

20 : 

9 

Japen . . .No. 

£ 

010.118 

6,486 

510,101 

4,248 

340,413 277,801 ! 

0,248 . 24,8/7 

136.201 

/2V-'91 

Uuted Btetee ol No. 

1,102.880 

478,031 

1,035,403 

1,628,401 
' m,A\8 

003,767 

▲metlco. £ 

118,746 

40.424 

2/0.000 

IS8,m 

BhmttfBngia . , No. 

£ 

1.778.811 

287.808 

1 

607,683 

00,877 

610,784 

83J8tH 

101184(11 > 
110,871 

684,312 

08481 

„ Bombay . No 
£ 

1.480^088 

e7Jt74 

732,410 

80,708 

535,711 

08,078 

856.867 ' 
6UJS8B 

271,8.13 

«l,/00 

n SiloA w • No. 

704,747 

165,886 

80,488 

1S84M1 ' 

43,160 

£ 

81,624 

Bjm 

8,800 

liMa ; 

6408 

n Madnu , No. 

£ 

816.004 

18JB46 

218,820 

22440 

66,360 

4,0W 

' 44.2B1 1 

4404 

27,333 

6401 

„ Amna. . No. 

£ 

888.284 

80.087 

118,144 

llJWt 

88,03.1 ' 
4,744 

63,388 

10468 

87,874 

10411 

G&ud Total . No. 

£ 

4,068.488 

876.808 

1, 802,880 
mj8lB 

1,602,078 

202,800 

im,iss 

SOlfiBI 

1.144,387 

I664U 


In 1918-14, Geoanany and Japan wwo the laigeat MtppUera of 
«™p l^ps, while United States of Amerioa imported most of the 
boto olaee. The rapply of aU kinds, however, has natiualiy heen 
OTrtaaled to e great extent during the laet few years owing to 
e ^^tcol the ohief metals used in the manufeotore. A good 
quahty of ohmp lamp is now being soeoessful^ made in India^ 
where lamp glasses are also available. It remake to be seen* 
Jot these lamps will stand oompetildon, when normal oonditions 
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Table 7.~-‘Ifnport8 oj glasB lamps into India from 2918^18, 


Cuuntiy of origbi* 

1013-14. 

1014-10, 

1018-16. 

1010-17. 

1017-18 

icimuiy . • . No. 

fo.seo 

7.400 

240 

200 

* ■ 

g 

IfiU 

63T 

S3 

10 

« • 

BHtxift-NiuiflKiy . No. 

181.240 

00.108 

m ■ 

• ■ 

• • 


3^gS 

SjS 

« ■ 

• • 


BTwn . No 

488.004 

283,707 

478,303 

307,844 

47,713 

£ 

S,802 

1,091 

J.iS8 

8,82/ 

397 

harit ifiMMi . Nu 

00,808^ 

32,342 

80.031 

44,014 

1,634 

£ 

. UJSOI 

63!/ 

OSJ 

2J!41 

84 

1 

tf BomUw . Ndk 


183.811 

220,073 

271.800 

46.ru>0 

£ 

SiSOJ 

U7/t 

8^63 

3,617 

043 

ff ntutL ■ • Nfi. 

8,304 

n.i2n 

0.70 

21 

(M) 

£ 

m 

m 

74 

11 

9 

u Uadirtt * Nn. 

102.308 

01.0.10 

147,028 

47,838 

7,305 

£ 


827 

8,004 

730 

347 

«, Jlnma, . Nu. 

22.308 


31.H8(I 

21.084 

4,100 

£ 

m 

m 

411 

m 

Hr 

Ommo Tutai. . Nn. 

773.107 

304.000 

401.700 

380,203 

68.100 

£ 

jjjm 

i^S3 

6,041 

8,173 



Nearly tvo^inU of tiio iniportB wont io Bombay and moBt of 
lio it^muhite to MacIraH. Japan liad the bulk of tho trade and tlio 
‘Kt naiiio fiuzit (lonnuiiy and AuHtria. Kvon Japuiooe ouppIioB 
avo dwindltul alnioni to nothing ninco tho war boganj although lonips 
! thia kind aro boliovnd not to bo maclo in India, wharo no niouldod 
r ]freH(iQ<1 gliiwi work ia yut produood. 
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Table 8. — Mar aorU of hardware mported wto India from 191B^I8. 


Oonntiy (d odglii. 

1018-14. 

1014-16 

1016-10. 

1016-17. 

1917-18. 

Touted Slugdom 

£ 

010,806 

£ 

780,164 

080,8l8 

£ 

818,860 

£ 

461.R3S 

Gflcmuiy . 

817,088 

81,806 

0,028 

8,091 

61 

Belgfim .... 

84,088 

6,880 

896 

e m 

* e 

Anafana-HaBeaiy 

27,608 

18,476 

16 

105 


Ji>pia .... 

14,480 

16,337 

84,788 

134,118 

801, 688 

Unllnd Btates of ATmataa . 

70,004 

67,860 

76,618 

188368 

170338 

TocaIi (iHDiivnnre cnusa 
oomrantu). 

1,884,744 

088,684 

808J»U 

1,101340 

964368 


Tfiom the above oommeiitB on the imports of hacdwaro into Itidis, 
it will be seen that Gennany and Ansfaria-Hungaiy have in the ftast 
been veiy exteneiye suppliers to the Indian market, but that Amerwa 
and Japan are to a large extent taking their pliusea. 

The question of piimairy interest to the Indian is why India has 

not been able to seise the opportunity 

li^wtaTlajiL afforded by the temporary stoppage of the 

imports from enemy oountries to secure a por^ 
xnauhnt hold on the hardware mduatry. It is true that, oi^g to the 
great rue in prioes, it beoame a oonunoroial propooltum during the 
war to make many artudes of this oloss by hand or by mpthfida 
too expensive for ordinary times, but as a rule, in normal circnin- 
stanoes, it is impossiblB for the hend-mado article to oompeto aipiiiiat 
the pioduot of maohmery, wherever mode. The reason of thia is 
'that owing to the steady demand for most of these artioleB and th<*ir 
simple oharaoter, they oan bo maaufaotured in large numbom by 
repetition prooeases and kept in stock so as to meet all demandik 
They are, ^erefoie, very suitable to bo manufactured by maohinory, 
and as th^ are durable, and their value is often considerable in 
proportion to their bulk, they beer the cost of oarruge over loiig 
distaiioee &r befbter than oio^ery, glass or furniture. ‘Until there- 
fore the use of madhinety becomes far more common in India 
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than it ifj at present, it is doubtful whothor in spite of the great 
and increasing demand for all articles of hardware in India local 
manufacture will be successful. On the other hand, there is no reason 
to suppose that these difficulties will not be in time surmounted. New 
companies are being formed for the manufacture of enamelled ware, sheet 
metal goods, paints, glass of all kinds, galvanized iron goods, etc., 
and old businesses are being extended. These projects are at present 
largely in European hands, but once local manufacture becomes 
CBtablisbed and the prejudice against Indian-made goods disappears 
there is reason to suppose that, with the supply of trained labour 
which will be made available by the pioneer firms, other concerns, 
will be started and by degrees a great proportion of India’s reej^uire- 
ments will be manufactured in the country. 
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Some Miscellaneous Articles Purchased by the Indian 

Munitions Board* 


Bn. B. Audy Collwh, I.C.S., 
OoM/zoSer of Iwlatttnal InUdligaHoc. 


The mannfftcturo of hruhliCH in as an CHtahlinlird tmdn in India 
even bdoro the yrar, hut it was chiefly (‘onfined to iht» chcaiici tyi»c*R 
.of brufihoH of certain Kpucificd kiiidM niitl uiotii of Iho liettiT (•Iumi 
brutilitiB, u well UH a niiinber of very cheap briiMhi« luul Imionu, 
have altruye bcou ini]>ortcd from ubroad. Tlu^ following table 
showa tiiu uupoitB of bnitdica and bruoina iikto India during the 
last 6| yearB>- 

Tablb 1.— Import! of Irwlhea and brooms into Isdkt froin 1913 to 191B, 
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The imports from StraitH Sottlemouts include a large number 
of very cheap brooms made of cocoanat leaves, while quantities of 
cheap brooms made of grass and fibre mth thin strips of oane also 
come from Japan and account for the low average value of her 
imports. The previous imports from enemy countries ooiibistod 
very largely of paint and varnish brushes, and most of the good 
class brushes of all kinds came, and still continue to come, from the 
United Kingdom, whose trade appears to have been very little 
lilected by the war. 

One result of the war has not nimaturally been a great shortage 
jf paint and varnish brushes, of whioh the better qualities can only 
be made from Blench and Chinese bristles, which are at prosoiit 
sithor unprocurable or only available at almost prohibitive rates, 
rnilioii itianufnctiircrs have siirccedcd in turning nut suitable sash 
tool brushes and also horse hair varnish brushes of fair quality, 
but they are somutmies even now more expensive than imported 
brushes. 

During the war, the brush making industry has received a great 

stimulus from tho rofiniremonts of (fovem- 
ment, espooially for the army, and the rail- 
ways, which seem to have taken most of tho 
eutpiit of the existing factories and further 1o have brought into 
jxistenee a iiutiilier of small firuis, which work without maclimcry 
»r merely give out advanees to village artisans The typos of 
brushes chiefly purchased have been horse and mule body brushes, 
brushes for rloatimg equipment, such as brass, doth and miscdloiicous 
[Hilishmg briisheH, atul liair brushes. Of these and other miscellanttous 
descriptions, ((nverimient Ims pun-hastd during 191B, apjiroximately 
IkMtJNM) <lo»*nh, whudt is roughly equivalent to the average number 
im|iortHd into India. 

These Iargi> onters have undoubtedly brought toniporary pros- 

o I A l>**nty to tho trade but, with the advent of 

wna iwsa . renewal of competition from 

ibnmd, tho future of tlie industry is by no moans free from anxiety. 
In rrapeet of raw materials, India is on the whole well situated, 
Before the war. espi^tdally for luilitary raquirrmeuts. imported 
wood was largtdy used in order to tsomply with specifications often 
compiled ill the tlnitinl Kingdom. During the L^t thne or four 
years, however, iiiHiuHsity has compelled the acceptance of local 
woods, mai^ of which have pruvid to bo very miitablo for brudi 
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manufactnre. It is to be lioped that the Bpeciiicutinne for aimy 
biuahea will now be pennancutly altered ro ah to piencnbc the use 
of Indian woods, at least in tho alternative The iiiaiii difliculty so 
fax has been to secure proper eupplies of heahoned timber* a difficulty 
which hampers all usois of Indian timber of the lesser known kinds. 
The problem is ono of which the Furesi Department are well aware, 
jmd it ifi to bo hoped that neither money nor energy will be hpared iu 
^ving it as soon as possible. 

For bristles and fibres, the Indian mainifaeltirer is also well 
oil Tlie fndiuii hog bristle is well known in 
rteaaa ra. intomatioiial eominem*. It is eisirNe in texture 
and does not look so well us the supt^rlor grades fmm China, 
France, Russia and Austria, but its wearing ({tuilities an* said to 
bo much superior. It is. thm'fore. einiui'JitJy suit able for iiho in 
the army and mills, where looks nmtter less llinn lusting. Uko ino^t 
industries, however, in which tho lowest CMHies in India are eoneernnd, 
the iiroduotion of bristles is not iii a very sutisfuctory state. The 
pigs are noglectod, with the ri'sult that they iiru altueked by lice 
which iiritatio thorn and vnnso them to ruii ttieinselveH wheusvnt 
possible, and so load to a liigh purceiitiign of split bristleu. Moreover, 
in oilier to got uumey ns soon as iKWHibln, the owner of the pig always 
starts plucking it bofomi tho bristles are mature. Thu result is tliat 
the uniuial sulleni ooiisidorable pain and tlie nuiidnir of short bristles 
is far groator than would othorwim Imi tlio eiura. The fibres usad 
sudi as bass, bassine, whisk, kititl, Ho, lire nt present largidy 
imported. Much of tho kitvl iliire oonies from Ceyloh, in spits 
of tho foot that a great diud of it is proilucf*(i in the south and east of 
India, w^ience it is 6X|iorted in larga tpiantities. Tito rnoson of 
this seems to bo that the Itulian industry is not yet organised and 
there is no firm in India whioh puts the lilires on the market in 
ar form suitable for use by tho brush makers. Tliis is an industry 
whioh might well roocivo tho attention of tho oa]iitalist. 

Before tho wiur the varnish and glue used by brush miuinfaotnren 
was mainly importiHl. Tlie glue chioHy favoured 
irtfatiHiitfriSy eitliiir from the IJiiited Kingdom or Italy. 

Hince the war, Indiuu-mniio glue has beer 
utilised, but it is very usually inferior and must give way to thi 
imported artiele wh^ the normal trade oonditimis rntuni. 'flu 
pTOspeots of this indnslvy ore disonmod elsewhere (see page 346 ) 
Vamuh is at present often made by the briMh manufaotnrers them' 
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fielvoa lioin indigfiuma inutprialK micli as bliDllac and raain, but 
uniftis a gtind indigenuua articla ir put on thn market, it ia probable 
that the muiiufacttirors vill again return to imported varmah, aa 
Bfion na it is available at a leaannable prica Tlie other matenola 
iiHcrl in briialt uiaking aiich oa wire and binding material, gcrowa, 
eto,, are all import^. The wire chiefly favoured ia known oa 
“ union " wire and » an alloy of copper and zinc, which will probably 
not bo made m India at preaent. For binding soab tools and paint 
bruahca a temporaiy aubatituto haa been neoured, but it is likely 
to give way to imported Iriah float again. 

Out of the large numbers of firms who make brushes, only a few 


Putaie proi ecfi niaohinery on any scale and eaii be oon- 

nidered to bo organised on the factoiy system. 
Moat of those ooncems are apprchonaivo of tlioir future x\*heii exposed 
iiguiii to fr»roign oompotition niul are inrliiiod to hieiat that jjrotcc- 
iioii by tiiennH (d u higher tin ill than 7^ pei cent ad ialoKm will 
be ncncHHury. They will undonblicdly also be somewhat ombatiaaaed 
whmi the largo (lovcrnment ordera are tliaoontinuiKl ajul iliuy Have 
to build lip their civil ooniiectlion uguin. The Hinollor flmiM ate 
moiitly unxiouH to continue and oven to expand their buainesseH, but 
retjuire advice and iu)aiKl>iuu:Q in Hecuriiig luaolimciy and their raw 
materinlH. Iti view of the iiiuny difliciilt tpicstiunH invoHed, it 
uoidd Ht'cm adviHitble to ai'ciirc the Hvtviccs of an expert from abroad 
for a aliort ]ieiiud to iidviao (lovcrnniciii ua to how to pr<icce<l to 
OHtabliHli the induKtry »n a him footing. 


Ur Vaihitg, 

Thi‘ dcmaiidH of India fur cuthvy before the war wore very largo 
and, aa the following Htutiatica show, were oliisfly BU|ipliod by the 
IJmtwl Kingdom and (icniumy. 

Tabuk IwpttlH tif futlt^ri/ itdo Imda from 701S to I9J8, 
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ffinoe the wax, the importB from (lermany have almost ceased, 
while the place of these two couiitnes, has been 

duplcami. extent, taken by Japan and the United 

States of Ameiioa. The making of knives of various kinds, however, 
has always been an indigenous industry, especially m tlie Punjab, 
where it has been in the hands of the small artisan. The demands of 
the anny have led to a considerable expansion of knife manufacture, 
chiefly in the direction of olasi) knives, large numbers of wliich were 
required for the equipment of the individual soldier. After some 
trouble a wooden luuidled knife, wbicli could be manufactured by 
the village artisan, was evolved iiiid, during the sovon months 
ending Ooiobei 1018, no fewer than riri,0<)l) wore purchased, 
chiefly from oentzea such as Aligarh, Misunabud and Wasirabad; 
while, had not the war oomo to an end, very much larger quantitiea 
would have been puidhaaed in the ensuing year. These knives won 
mamifacburod for the most port without iiioehiiiery, and the work of 
the artisans was organised by manufacturing fimis Uki* Messrs. Johnson 
& Co., Aligarh, by stuiLll capitalists or by blacksiiiiths of more 
than average intelligence with capital of their own. HeuMoni and 
spoons were also purchased in large numbers In a similar way. 
The end of the war will mean a great eeb bark to this promiaing 
industry, unless airangoments can bo mode to secure these makers 
an adequate civil connection. Since many of the clasp knives 
produced were not only of excellent quality, bnt compare very 
favourably in price with the imported article, there soenui no reason 
why these manuhtoturers shonld not turn nut pen knives and similar 
articles required by tlio civil population in large numbeni. But it is 
certain that during the period of change they will require assistance, 
not only in teohnioal matters, but on the business side of the 
industry. 

The other development in this line has been the manufacture ef 
pruning knives for tea gardens, Rven before the war, experiments 
had been made on a sniaU scale in the manufacture of these knives 
from wsste steel, Since the Indian Munitions Board was consti* 
tuted, by means of its priority procedure, the opening for the manu- 
facture of these knives was brought to the notice of one or two 
enterprising Arms and they are now being made in Calcutta (see 
pige iS) in uumbers |>raotioaUy iiiMeient to supply the demands 
of the whole industry, fifessni. Tata A Co. are now providing aome 
of the iteel used, for which they undertook to run a special heat. It 
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u to b« ho|K>(l th.it this indubtry will survive the return of peace 
eonditicms. 


As might l)e expected the demands of India for buttons are very 
largo, though a groat proportion of those imported into the oountxy 
must be attached to fini^ed garments and so are not included 
in the statistics. Separate figures for imports have only been 
maintained for the last three and a half years, but these show that 
Japan holds a dombiaiing position in this trade, though Italy also 
provides a large proportion. 

Taiujs X—ImjmtH of huthiut tnio India frotn 1915 — 1918, 
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Many of the buttons imported from Japan are of the very oheapesb, 
•noh as find favour in the Indian basars, where bheapness as a rule 
is the primary oonsideration. The manu f acture of buttons in India 
is to sou Id extent hindered by the prejudice against the collection 
aiidtliet^othingupof bones, but a number of very high olass mother- 
•ol’peitrl buttons are now made by small firms in India, such as the 
Tirhoot Moon lluitmi Factory of Mohsi, Champaxan District. Ouiir 
4iUHly cnoiigli, however, the products *of those firms, which find no 
favour in ItuUn cm nccmint of thw higher cost, are readily bou^t in 
Kast Africa and Australia, whore good (][aality is appreciated. 
During the war, the Army (ilothing DejiaTtment has been able to 
assist this indiistry by v<‘ry large orders, as the following purchases 
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of buttous of various materials made between the 1st of April and 
- the end of October 1918 show : — 


Cotton 







Gross. 

1,235 

Lcathoi’ 


« 


. 



, GK,80() 

Zinc 


. 





487,302 

ITorii , 


. 





04,025 

MolJior-of-poarl 


, 





7,013 

BrtvHH . 







20,572 

Bone . 

• 






25,504 


Jt is to bo hoped that these purchases will do much tr> sot the 
industry on a firm footing, since, like so many other small indusfrics in 
India, one of its chief difficulties hitherto has been an adequate supply 
of capital. 
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A description of the Tata Iron and Steel Works at Sakchi 

(Jamshedpur). 

By T W. Tutwilbb, 

General Manager, 

The workH are nitiiatod at Sakchi adjoining the Ealimati Station 
on the Bengal Nagpur Bailway. Ealimati ib 165 milee west of 
(Juloutta, about 116 niiloH from the JhoiTia coal nunea and 46 nulea 
from tho Coinpnny’H (lurumaihhini iron oro mines 

Tho Tata Iron and Steel Co , Ltd., was formed in 1907 and the 
oiiginal jilant woh put into operation early in 1912. The plant 
(•onsista of the following 

(!okti ovens ; Hulpluiric acid plant ; blast furnaces ; steel works i 
40* blooming mill ; 28' rolling mill ; one 16' and two 10*’ 
liar iiiillH ; boiler plant ; power house ; iron foundry ; 
machine shop, blacksmith shop, pattern shop, storage 
yaid; locomotive shed and general main stores, ofiSee 
buiUlings ; etc , etc. 

ExtensioiiM to thi* existing plont are being earned out on a large- 
scale and comprise 

By-produot coke ovens ; by-product recovery plant and bensol 
plant; new blast furnaces; steel works; new blooming 
mill ; new rail mill » plate mill ; sheet null , new bar null , 
sheet bar and billet mill ; wire mill ; bolt and nut shop ; 
slepper press; additional machine shop; foundries and 
Btniotural shops, new office building, etc., etc 

Di'iailH of the extonaions are given under the respective headings. 

Thfri* are 180 Coppfio non-reooveiy coke ovens The Company 

has also recently installed a battery of BO 
Cokeeveim. Koppors by-produot coke ovens which, be- 

Ridi*H inamifacturing ooko, give the following by-produote -Kjoal 
tar, hulphati* of aiiinKima, and gas. The Company also has .a Simon 
I’arvr hulpburic acid plant, which makes sulphnno acid for the purpose 
of converting fclie aiunioniaeal hcpioi into sulphate of ammonia. 
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Yoar batteiies of 60 ovens eaoli of the Wilputte type will I 
loqiiiied m oozmeotion with the extensions to the works. Th 
will m&ko an additional 200 by-pioduot ovens which will be con 
plete with a plant for the reooveiy of ooal tar, sulphate of ammoni 
ipv& and beiixol. In all probability it will be neoessaiy to erei 
a fifth battery of by-prodiiot ooke ovens in order to obtain tl 
neocBBOiy ooko required for the extensions to the blast furnace plan 

The blast fumaoe plant consists of two blast furnaces oquippc 

Blsft tarntcM. up-to-date charging and weighir 

apparatus and four Cowper-Konnedy stove 
71ie major portion of iron made is sent to the steel works for oonve 
Hioji into steel and the balance is sold in normal times in this oounti 
and abroad Before the prohibition of pig iron export from Ind 
•came into force, shipments vaiying m siso used to be made to Bunn 
ilie Straits Settlenients, Ceylon, Java, Manohuria, China, Japa 
Australia, Now Zealand, the Uiutcd States, Biver Plate, etc. 

A third bloat furnace of a somewhat snialler type than tl 
two foregoing furnaces is practically onmploted and is expecti 
to be ready for operation early m this year. In addition, thn 
blast furnaces of a much larger type than those at present workii 
are in oouiho of oonstmotion. 

The slag which is formed in the manufacture of pig imn is no 
made nso of in making granulated slag bricks for local use. 

The steel works plant consists of one SOO-toii furnace, calk 
. the mixer, and six stationary opon heart 

^ ** furnaces, four of which are of about DO toi 


Siadwoflck 


cnpnciiy per bout and two of 70 tons capacity per heat. Tl 
li((uid pig iron is conveyed from the blast furnaces to the ste 
works in 30-ton hriuk-liued ladles and poured into the niixe 
which receives all the hot metal from the blast furnaces, preparatoi 
to its conveiHioii into steel. Brimi the mixer the iron is tapped oi 
into ladles and chuigud into open hearth furnaces for oonyemion im 
steel. When the ^irocess of eonvormon is over, which takes on a 
avi‘iage alsmt B to 10 lumrs, the liquid steel Is tapped and tlieu cu 
inlo “Ingots” which are sent on to soaking pits to be read 
for the blooming mill. (Kacli heat produces about twenty Ingo 
and each furnace makes on an average 13 heats per week.) 

KxtensionH to the steel works consist of two 26-ton Bessemi 
cimvertora and one 200-ton tilting fumaoe, together with a 1,200-tL 
mixer. The method of producing steel In these convertors is knon 
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as a duplex pniceH*, whk'li f-onhihtH of fniplnying the Bessemer con- 
vertor in conjunction with the tilting open hearth futnaoe. The 
<onvcrt<ini axe intended to remove all silicon and as much carbon 


Ab is desired from the iron, leaving the tilting furnace the duty of 
removing the phosphorus and sulphur and bnnging the iron to the 
reiiuiicd percentage of carbon. The eluniiiation of these cleiuenta 
reduces the time necessaiy to dnish a heat in the tilting furnace^ 
by about 7(1 per cent, The larger type of mixer will be neecssaiy 
in order to take care of the hot metal from the blast furnaces during 
the week end, when the open hearth fumaoes are not working. It 
is intended to convert the present 300-tcm mixer into an additional 
open hearth furnace after the l,20U-ton mixer has been erected. 

It is also piopoHcd to erect a 0-ioii electric fumaee for thepurpofac 
•of producing high grade steel. An arc fuiiine.o of the Keroiilt t^^pe 
has been chosen, and current will bo supplied at 3,0U0 volts. 

There are at premuit three soaking pits which uti> phtoiHl m the 
steel works Imilding. The soaking pits are iKiuipped with mechani- 
cally operated lids and an electric overhead charging and drawing 
•crane The ingots made arc 2l'xj0* and weigh from 2 to 3 tons 
<»uch, act ordtng to the sections to be made from them. They are 
taken by a wdf-tipjang clectrio trolley to the mill tables. A fourth 
HCHiking pit of a capocitv of tIO per cent, larger than the present 
soaking pits is in (‘ourse of construction. 

The blooming mill consists of a 40* mill operated by a flalloway 


ftolllu ttlUa J1,0(H) horse-power In tliismill. tlio 

jm w ingot from the fuinkiiig pit is mmie into blooms 

and billets In connection* with the extetiHions 'a new blooming 


mill, details of which ore not yc^ reaily, will lie ert>cte<l in nrdi»r 
to roll tha inoxcosed tonnage of ingots into blooms and billets 


The 26* finishing mill has 3 sets of rolls. Tlio housingH aiu of 

III.I.M.. Mill. ®p®“ *yp® 

U FMiUniani. ^ 

finwer 3 cylinder engine and can turn out rails from 100 lbs. to 30 lbs., 
beams from 15* ><0* down to 5*x3*, angles from 0*x6* to 3*x3* 
ami eliannels from 12* X 4* to r)*x3*. 

Blooms from the blooming mill are re-heated in re-heating 


furnms^s before they arc isilled. Beotions of rails or atruotnral 
material, after being rolled to required dunonsiona, arc out by cir- 
cular saws into required lengths and are meohanioally conveyed by 
rollers' to a eooling bed, which is of the imiving type. From the 
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cooling beds, all bars, including laila, are pasaed through a roller 
straightening machine m the finiMhing depfirtment, which is equipped 
with three straightemng maobnes and the usual drilling and pbning 
machines, and an overhead electric crane which nina over the full 
length of the finishing department 

A new rail mill is to be erected having a larger capacity than 
the existing 28* mill ‘When this rail null cniiieh into operation, the 
28* mill will then be confined to rolling Ktructural material and 
all rule will be rolled on the new rail mill. 

At first, there was one 16* mill and niip 1(1* mill. In Keptomber 
B 101 fii one mnn* 10* mill was addinl so that now 

then* art* two 10* miJiM. Tlic 10* mill niakes 
light roils weigliing 30 Ibh. to H Ihs, to the yard, angles of all sizes 
from 3* to IJ*, and ohatmels from 4* down to J^*, 4*‘'1J* beiiiiis, 
and fishplates for rails. I'he 1()* mills are devoted to the priHlnutiun 
of lighter sizes of fiats, mjuares, rounds, etc. 

It is proposed to criM'i a new Imr mill wliieh will ho oEflio luti'st 
continuous type and will take billets from tlie sliei't Isir and billet 
mill varying irom IJ* to 3* st|uarp in lengllis of 30/ In tltiM milT 
the piece being rolled will be in Hc'veral sots of rolls at the same time 
and the vertical rolls which will Is* used in the mill bring alicmt 
extreme ocouracy in the sections. 

A plate mill is now in oonrse of ooiiHtnuitiun and will prodiu‘e 

Plttcttin plates from J* to I}* thick in varions widths 

up t.<i 84* and various letigt'hs up to DO/ 
both length and uudth being deiM'iidniit u}Min the tbiekmwH. The 
mill will be drivim by a rontiiiiiouh 2,0IJ0 }iorH(.‘-puwi*r motor taking 
alternating current at 3,000 volts, Afif>r the iji**^* is rolled to tlio 
required tbokness, it is earned off the bark mill table to a taldn 
wMch delivers the jilate to a straigliteniiig iiiaehiiu* atul then to a 
special table of light oenHintetion, where ilit* plate will U* allowed 
to cool and be marked to the dimensions, to wliieh it is to Im 
Soared. The mill building is over 1,(KI0 feet> long and about 100 
feet in width at its widest point, 

Tbs null will be a oontinuatinn of the new Idooming mill and 


Piste nin. 


will roll billets from ]]* to H* square for tbi 
^^eet bur 1114 blUot foj. ^ 

in tliH sheet mill up to H* wide. It is intended 
also to roll steel sleeper neetions up to 10* wide pn tliis mill. 
An electrical drive for this mill is being planned. 
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The shoot bars will be delivered from the conimnous sheet bar 

Sheet mllL * billet mill to the sheet mill^ where six 

special famacea will re-heat the bars In one 
end of the fumaoes the sheet bars are heated and at the other end 
the partially rolled product will be re-heated for fimshing. 

The rolling equipment consists of 2 jump rolls, 2 balanced rolls, 6 
ftninhing nulls, and 2 cold rolling mills. All the mills will be diiveii 
by a 4,000 horse-power motor talcing alternating current at 3,000’ 
volts. This mill will produce sheets to any ?ndth up to 88* and of 
any thickness deored from i* down to 1-100 of an moh. Two large 
annealing fumaoes will he supplied in connection with this mill 
It is proposed to construct a plant capable of producing 20 tons 

of wire of miscellaneous sizes per day of 24 work- 
ing hours. This will be used for fencing, nails, 
etc., etc 

In the scheme of eztonBions it is proposed to erect a bolt and 

n^u. shop with a sufficient number of maohines 

DoHsssdiiuta to produce 50 tons per week ’ 

The steel plate from which the sleeper is to be made will be 

rolled direct from the ingot to the final plate 
Beeper prtiB. ^yithout re-heatmg This will be accomplished 

on the blooming null and sheet bar and billet mill The plates will 
be cut by the flying sheai of the sheet bar and billet mill in two or 
throi* length piuoes and automatically placed on cooling beds at the 
end of the mill. From there, they will be handled by an overhead 
electric crane to a heating furnace where the plates, after being 
Iieated, wdl bo formed into steel sleepeis by a hydraulic press. 

A new roll turning shop is being erected and additional lathes 
. . are being seemed in order to turn the rolls 

Re tnmjqi i op. required by the Company in its eidsting and 

proposed mills. 

A well-equipped ohemical and physical laboratory is attached 

to the works for testing the raw material and 
i.ebofitoty. fiiUHhed products. There is also a Govem- 

nipiLl luhoratory in charge of a Govomment official who tests the 
steel made by us, for which a Government certificate is required, 
in addition to the present machine shop, a large new shop con-- 

taining up-to-date maohines is in course of 
MocUflokhopBiBlnic- erection and some of the maohines are now 


tiirsl Bliepit etc. 


producing material required for the oonstruc- 
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tion of the extenBione to the plant. In addition, theie arc shops 
pattern znakera and carpenters, blacksmiths, locomotive repairs, 
electrioal repairs and structural shops 

The power house contains three turbo-blowers for supplying 

air to the furnaces in the blast house A 
owf OHM. volume of 32,000 cubic feet of air, under 
pressure of 16*S lbs to the sq. inch, is blown into those receptacles 
m the course of a minute, and the power absorbed is for a full load 
2,260 H. F., for a three-quarter lo^ 1,020 H. and for a half 
load 1,700 H P. The plant consists of two 1,000 kilowatt and one 
1,600 kilowatt, 3,000 volt turho alternators running ut a sliced of 
3,000 revolutions per minute, and throe Intnsfornunu ciE 1,200 
K.yj^. 3,000 to 440 volts and two motor gi^nemtor sets of 
000 kilowatt each. 


To supply the ncoossaiy power requiircl Ir>r the o|icmtioii of 
the extensions, it is proposed to instal three r),0(Ni kilowutt turbo 
gonorators (one of which is now m course tif erection), one 4,200 
kilowatt turbo generator, one 2,000 kilowatt genemtor, one 2,000 
kilowatt mixed pressure turbine, with the necesMiry tnuisfoniiiiig 
equipment to step down from high to low teiiMon, Uost of the 
additional machinery required for generating power is to be erected 
in a new power house building. The boiler presHure of the plant 
is IIM lbs. pci square inch. 


The supply of water, not only for tho Works but also lor tlie large 


Watw soppljr. 


number of ]H*isonH living in the atljoining 
township, which has eonie into exist-eiice since 


the eonimenconient of the works, was at the nutiset a fiuestiim of 


supreme importance to the Pireotors, hut ample provision has Imeh 
mode for all purposes by pnmping from 1 lie Hiilwriwruklia river~a 
distance of two miles. Ilie water is ]niinpt*d electrically through 


pipes 30* in diameter from the river iu u very largo storage tank at 


the works. 


Arising from the sohenio of oxtonsifins with the greatly increased 

> , I , product of tlie steel works, artangcinentH have 
SeMdUrp loduitrlN. ^ cojMilnded, and in 

otfaGTH negotiations are proceeding, for the establishment of varioni 
manufacturing companies in tha noighbiiurhctid of Rakchi, in order 
to take advantage of tho dose proximity of the steel works 
from which the raw materials required will bo famished. A list 
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ih fiivfii U'hm Ilf till' MiriiiUH nuiiiufHcttiTPH it ih iiitrmlid to 

(1) Mtl'I'l tlllll'h aikI pip(*s 

(2) tiii|ilufi*. 

(3) imiiii'lwatv Ilf vuritniH dmriiitioiiH, 

(4) roil WAV wiittiiiiit, 

(0) HflfltlT. 

(ft) win* HliAiJfH cif variotm kituUi, iiivlii4ing frncint^ wiie» 
iiaiIm, Hr. 

(7) (ra ttmrliiiirry, 

(8) Hftrirttltuml tiNtiH, 

(9) fptlvuiiiHi'd prttHiirtH, 

(10) jiitr mill iiHirliinrr^S 

(11) Hlriirturol w«irk« 

(12) inm «ii<t Mrrl riiHtitiKH, 

(1 8) Itravy elirniiealiii 

( 14 ) Hulphitric acid. 

(10) nitric acijd, 

(16) l^rtilisfro, 

(17) oxplaHivm, 

(!8) dnign, 

(19) perfomfli, etc., etc., etc. 

The Tktft Itod and Steel Co. etarted operation only in 1019, 

though up to now the main oifortH of the 
'' .... Qpmpuiy won diieotcd toward* overcoming 

the Iiutial dmtdiui ««MijPn to it iww ateal fdant and getting up an 
rflicient oricmisation, tiie lateaBClnat and phydoa! well-being of the 
mpIc^eeH were attended to ai fur ai the obcnmatanoee oonld permit. 
But now that the Campany hai been eitabliihed on a dimer footing, 
variott* important wttlduti aohemei have been engaging the mind ^ 
tbe Boanl of Direotoro and the Management. We ere giving below 
a aummary of tlu> rxliiting inetitutionH at Bakobi tar tin well-b«ng 
of ita eiiipIoyrrM and the propoM'd welfare Hohemee now under active 
ruiiHidenittmi. 

We have a liOHpital where the Company'* employees and outaidem 
are treated free of charge. The number of patienta treated in this 
hoepital for the year ending Slat Deeember 1016 oomea to about 
1M367, out of which 40 to 46 per cent, were outudera. This hoepitaT 
ia taken advantage of not only by the employees of the Oompanyr 
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but also by the inhabitants of some 12 to 15 viUagss situated Trithin 
the ladiuB of 4 to 5 miles of the town of Sakohi It has been cal- 
culated that the nnmbei of patients is dnwn from a total popula- 
tion of approxiznatdy 60,000 souls. As the accommodation at the 
piesent ho^tal is not soiBoient to cope with the incieasing number 
of patients, anangements have been made for building a new well- 
equipped hospital on modem hnes. 

In connection with oui present hospital we have a segrogatioii 
shed, situated at a distance from residential quarters, where patients 
Bufieiing from infectious diseases are kept Wo have also a con- 
valescence fund from the interest of which poor employees, who 
have no money to support thomselvoa during the period uf con- 
valesoence, are helped. As the want of a oonvaloseeut homo for tmr 
employees is very much felt, arrangementH ate being made to have 
one built on the top of the neighbouring Jiill. 

We have three sohools at present at Sakoln (a) Mrs. Perin Moinoriul 
School, (b) a mght school, and (c) a meohatiic sch(»ol Tlie Mrs. 
Penn Memorial School is a Middlo English Huhonl, Thu avi^rugo 
numbei of boys attending this school at present is about J70, This 
Bobool is wholly support by the Company. The accommodation 
in the Mrs Perin Memonal School lias been found itiHufiicient to take 
care of the increasing numhci of soholais and an annexe luut keen 
built, which it is hoped will suffice to meet all lequiremontH for the 
next few years. A new up-to-date gbls school has also been com- 
pleted and it is hoped will bo open before this articin ajipean in inrint. 

In the night school, chohraa and other eniplnyees of the CoiiqAiiy, 
who are desirous of loanung English and matlieinatics, get free 
iiuition every evening for two hoars. The number of employees 
attending the night sohool is about 05 at piesent. 

In the meohanios* sohool, promising young boys of tlie miHtri class 
employed at our works are taught elementary mathematics and 
drawing with a view to make them more efficient in their work* This 
sohool is also wholly supported by the Company. ^ 

It has also been proposed by the Oovt^nuncnt of Eihar and 
Orissa, with the help of this Company, to start a teohnologieal college 
at Sakohi which would speoialise in metallurgy and ehutrieal and 
meohamoal engineering, and this proposal is at present under dis- 
cuasion between this Company and the local Govominent. 

Arrangements are also being made to interest the, Hurvonts of 
India Society to start (a) primary schools in tha laiiDunding villages 
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The Production of Sandalwood Oil in India* 

By AT.intTn CHA.TT1EKTON, F.C.O.I , C.l.EI. 

The recent derelopment in the production of eondalvood oil 
m Mysoic u an mteittting example of induetnal j^rogiefw brought 
about by the war. 

The BBndal tree, tarUalum idbtani ih a ema'l ove^green tree 

which flouriahen only over a restricted area 
■■mKfiflimf ^ of the elevated forests, of Southern India and 

is chiefly found in Mysore, Cooig and the 
Coimbatore and Salem distnots of the Madras Presidency. It 
also grows, tinder less favourable conditions, in the Deccan and 
Gujarat districts of Bombay. Vtom the very earliost times, 
sandalwood is mentioned in Sanskrit Uteiature and bulked largely 
in the foreign trade of India, till the advent of Earopean tiadom 
in the East and the rapid development of maritimii commerce 
which then ensued. Only the heart wood, wluoh amounts ti> 
roughly about one-third the weight of a felled tree, is of value^ 
chiefly 'on account of the esaentUd oil which it yields. Thi'* oil 
poBBesaes valuable medicinal properties, and is also largely used 
in perfumery and m the manufacture of very high-grade toilet 
soaps. The peioentage of oil varies in different ^larts of the tree, 
ranging from over 1 per cent, in the best roots to about 6 per 
cent, in the upper part of the trunk. Those figures are . omewhat 
larger than those which have hitherto been aoeaptad and are the 
result of large scale distillations in Bangalore, in the factory which 
haa been established the Mysore Government. The heart wood 
is a close grained and heavy wood and is, to a limited 

extent, n ed in the manufacture of small caskets, picture fiamea 
and such like artidea. It la well adapted for extremely fine 
wood carving, and the eharacteristio products of the Qvdigara of 
Mysore are well known. Sandalwo^ is also largely uaad in 
rdigiona litea and oeresumieB. To be otemated on a sandalwood 
pyre is a very high distmotion and large qiuntitieB an anaually 
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oouBumed b 7 lihe Parai oonunniul^ m Bombay m daily wonlup 
and to TnaiTitniTi the aaoEed fires m their tuples. Beduoed to 
a very fine paste by gmid]^ m water, Bondalwood u ameared on 
the forehead anA o'vex the upper part of the body on ceremonial 
ocoasLons and, amongst those who can afford it, it is used at other 
tunes, as the oil oontamed m the wood produces a pleasantly Btimu< 
lating effect on the skm 

In Mysore and Ooorg, all sandal trees belong to the State 

In the Madras Presidency, priTate ownership is 
of sBadahrood recognised, but the quantity of wood deiiv^ 
from this source is oompsiatrrely small as the 
bulk of the trees axe found in the reserved forests Hitherto, it 
has been castomary for the ffoiest Departments of the three 
vinoes mentioned to dispose of the sandalwood collected during 
AAftb year by auction p h I ^ held m the trifUTitha of November and 
December The quantity sold, the amount realiaed and the average 
rate obtamed per ton of samlalwood axe given on the next page 
in a table, to which a column has been added showing the value 
of the sandalwood exported from India as recorded m the Foreign 
Sea-borne Trade Betazns 

Xt is unfortunate tiiat the Bea-bome Trade Betusis only fumish 
values Q 0 t weights, but it may be assumed that the vahiss fra 
export are appreciably hi gbair than the auction rates owmg to the 
oort of oamage to the pooct^ the cost of finance and the profits of 
thA TnATAhafita- flfimAthTng zEor^ thATij than the difference between 
the forest revenue ntid the value of the exports represents the 
value of a part of thA intemsl consomption of sandalwood ui ^idia 
The other part is derived from private sources and, to an unknown 
extent, froim wood ilhdtly removed from the State fijrests. It 
may be stated with certainty that the local demand for s a nd alwood 
e xc eeded 400 tons probably was less than 500 tons per a nnum 
in the years before 1918 Of late, mer e asin g l y huge quantities of low* 
grade wood have been put on the market by private owners, 
especially in the Deecan, and the high price of Bast Indian sa nd a l * 
wood has resulted in the huportaticm from ’Western Aui^^ of 
a substitute (.^uaiias apwotw) which yields an essential oil in some 
respects w iw>ilRr to that derived fnm the true san da lwood. 

After the outbreak of war m 1914, the- auction sales held in 
the month of November proved a complete fiasco and the Mysore 
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Staff, mtin* fR|ipnnlIy* iiiul to feitp a wiy HciiAtia reduction in 

ifvmuf froiii ItiiH Kiiiiri*f, 

Ail l•XAnl^lltlti«1tl of Iho lalitilnr ifiiffinftil will kIiow Unit, with 
till* nmiiiat Milfs rniiyiiiK U^ISdri and ihCNN) lonn, the nitos 

nhtttitiiHl for wihnI tip fill Hill w«'ro in llte iififrlilMiiirhfHtd of Kh mio 
It fdit. Ill Hll 2 anti in Ulill, priffM wfit* furnfil up fo pRirtU’ally 
dcMihlf tin* lf\td of ]»rt*vioiiM ymra uiitl tlifni in hiif littlo diHibl 
that this miiN iiiiiiiily dm* to Iho kifii rompf^titiou of htiyfi-H on 
}H*tiMlf of (ff^riniin tlbfillvm, ndnt wi*ff i<uti 4 *nv 4 iitiiiig to ohttilii a 

UHHiujnity lit iht* IniMiirNH <if Miiidftlwootl nil diHiillaiirm. Tho 

ifvivitl of fhv dfituilMl m JtllTi 10 wan dm* in thi* rai»d riHO in tlio 
pru’ii of miHlalaiNKi ml on tin* lamtlnn miirkft uml tliiH woh gn'utly 
NtiiiinlittiMl hi till* follifwing yi^nr by ]im*y buying fbnnigli noiifi'iil 
imiitfrit'H on Ih< 1 iiiI( of tJcrniiiii tliHlilli'TH, who bi'cnnu* itliuiiiitl at 
tin* ii'HiltN Iff lltp nt’lioii, now In in* di‘Hr‘rib«*tl, wlnrh wnn tiiki*ii 
by fill* My^tm* (lovfritnipnt. 

Till* •fiKtillafiim of HimdalwniNl nil in India lum hiwn an iniligenmiB 
. hiciurv indiistiy fmm liini* immeinnrial ; but it has 

"** ttiivnyrt been ritrruHl nil by tnrtnsnoly cnnta 

|titH*t«ssi*s, wbii'li fitihsl In catnirt till the oil in the wood and 
mvoK'fsl ttii tnunliiittlt* isinnuiiiplimi nf find. No nociimla dii1>a uro 
nvailiibli* n*garditw iitdigiMimw mnilimlH; Init it is bnlicvcd that 
limn ill to *iO ]HT t*i‘tif, of the iivnilitliji* oil wiih not rtM'nveiiHl 
nnd tbikt in Uin prorpHs nf diHUllatinn oh innrli iw DO tonn of 
liTPwnod were naed par ton of miulolwond. For a long Ihnn 
IwRt, the diatUlation of aandahrood hoa boon pKiIiiiiiUsl in tho 
liyaors StAto ; but thom an a number of diatillnriart in Uio Madma, 
Praaidam^ near tho boiden of Myonin. The induntry la, however, 
idiiefly earned on at KanauJ in the United Provinaea, wlinro tiie 
oil ia iiaed In tho mnnofooturo of ntan, 

Hnon ufU*r the rmnuitlou of llin Dejuirtmont nf Indnatrif^ in 

Mysori* in lUlil, llio ipieHt. on nf Htiirting tho 
l■n«'lleSe^fl‘Mwtln * dintilhitinii (if Hiiudiilwacirl w»iH ooiiHidt'nsl ; but 

itt till* Hbmsu*p of iu*ciirutn iufontuition rt*<(ard- 
itig lilt* phisiomeiiiil riai* in the prVa nf haiidalwnnd nt t.bo 
piPVioiiK awl 1011 Hiih'H. It WAR dwtrusl inndviHabln to interfere with 
riitdi ttu iiupoituiit houice of revenue. At the eiul nf 1 UI 4 , the 
(otlujiie of Ihi* ilenuiild for Hinidnlwomi, hnw<*ver, eoniplelely dmiiged 
the iltuiitiou iDid bsi me 1 o }iio|Min* the eHtubliebniciit of diKt/iliom'a 
III till* Kiuiii 111 l•illllfl till* fill 111 l 1 ii« inidboiiiaTV iiiveHtiiiHtnjiiH 



414 In&vin MuniUona Board Ban^ooh, 

wluoh were neceesary, I was able to obtain very valuable afwifliance 
from the staff of the Chemical Department of the Indian Tnatitiite 
of Science and, after a number of expenmcntB, a Batisfuctory pro- 
cess was devised which yielded oil in quality equal to anyth iiig 
that had previously been produced m Eiiiope or elsewhelfr At 
the end of September 1915, the Mysore Government sanetioiied an 
estimate of a laldi of iiipoes to est-abliHli a sniall factory to iuui 
out 2,000 pounds of, oil pei month A snilablo site for the Inetory 
was found to the noith of Bangalore adjoining the land belonging 
to the Indian Institute of Smenco, whose resources in the matter 
of techmool stafT and nieehanical equipment eoulrl, therefore, be 
readily utihsed 

Owing to the wax, it was found iiiqtoshibln t.o obtain either 
machinery or plant from abroad and from the oniset it was ri'cog- 
msed that only local resources could bo drawn upon. Some plant 
was obtained from stocks in the countiry, some jiurelutMeil second- 
hand and the rest was maim fact nrod in Uiral worKtliops *iicb ns 
those belonging to tbo Indian Aluimniuni ('ouipaiiy nf Madias 
end those attached to the Water Supply Division of the Fiiblie 
Works Department in Bangalore. 

The factory slaited work on the Ittih uf Muy l!M(i nticl, between 
that dale and the 31st of October 1918 1 331 toiiM of wood littve 

been distilled, yielding poiiiub. of oil. Sism aftf’i the 

opening of the Bangnluro factory, it W'ss decided to extend the 
Bcal^ of operations, mi that iiltiniutely all the worst available in 
the State could bo distilled aiul oil, in.sfeari of w'uod, exported. 

The Bangalore facloiy was cnluigerl us iiipully as laissible mid its 

capacity increased from 2,000 to G,0(M1 jaamds a memth, wliilst 
a second factory, which it is intended will have mi nltimal^^ rupacity 
of 20,000 pounds of oil per month, was startl’d in Mysore. The 
conatxuction of this 4iitt-er faetoj-y was suffleienlly advanced to 
enable distillation to be started at the end of August 1917, and since 
that date up till the 51si of October lOlB, 782 tons of Kandalw'uod 
have been distilled, yiilding 79,711 pounds of oil. 

The time chosen for the inception of this eiitei prise was ex- 
tremely favourable, In July 1914, Kost Indian sandalwood oil 
was selling in London at 21 shilliugs u pound ; in 1916, it ru'^e to 

30 shillings a pound and in 1910, when we first began to place 

Mysore oil on the London market., i( had lisen to 40 sliillingB a pound 
and ultimately in 1917, it ii ached the maximum limit of 60 Bbtllings 



a poimd, at wUch it hae smoe lemained &tead 7 . The following 
extract from the “PerfumoEy and EsaentiBl Oil Becoid” in an 
article on '*Focii yeaia of War Pnoee” enniB up the Bitnottnu: 
" Sandalwood Oil Consamption has much grown m the war 
period, and as sboc^ sank price mcrease natarally followed The 
advent of Mysore distillation has apparently steadied maiteiH, and 
Bonthem In^a appears certain to play a large part m the future 
supply of the disti^te ” 

Imtially, the whole of the sandalwood oil we produced was 
sent to i^ope , but recently, on extensive demand has aiisen m 
America and Japan In 1917-18, the industry was consdered to 
be Buf&Qienlly fimly estabbshed to abandon the sale of wood by 
auction in Mysore, but, as will be seen from the tabular state- 
ment above, cansiderahle qnantitieB of wood have been sold by 
anction in Madras and Coorg. Owing to the restnciiona on freight, 
it IB believed that the bulk of this wood has not yet left the country 
As the average yield from sandalwood, including the lower grades, 
IB about 100 pounds of oil per ton of wood, the establislmi^t of 
distillation m India has resiilted m a nsefol reduction in the demand 
for shipping facihtieB as the weight of the cul, when packed, is only 
about 10 per cent of the weight of the wood from which it is 
obtained. 

The distillation of sandalwood gives employment to a consi- 
deiable amount of labour and involves the consumption of a large 
amount of fuel. In practice, over 600 pounds of steam are re- 
quired to liberate one pound of oil and roughly each ton of sandal- 
wood mvolvee the consi^ption of 6 tons of wood as fuel Be- 
sides steam for the aotu^ disiollation wodk, a oonsiderBble amount 
of power is required m the sandalwood oil faotanes (1) to break 
up the wood mto sodi a form that the steam can get at the oil 
(2) tp Tnii.iTit ji.in the neoesBBiy cuculation of coohng water 
through the'condenssiB, and (8) for dectiio lighting, os the fectories 
are mn contmuoijiely both day and ni^t. In Ihe Mysore State we 
en]oy the advantage of being able to obtom all the power required 
from the supply Triaina in the oitieB of Bangalore and Mysore, which are 
oonneoted up with the laige hydro-electric station at SivoBomudiam. 
The process of is a oontinucms one. The feotories are 

shut down only when it is neoessaiy to clean the boilets. The 
work IB (HL by eight-hour ddffcs, snd each ahift ia m charge 

p{ an Indian-tEsined chaouBt end, n^a d dition to the men on the 
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shift, seveial GhemiAts aie employed to enpervue the woik of puri- 
fying and pacJdng the oil. The valuo of the product tendors it 
essential that ext re m e core riionld he exeroiBcd at evoiy stage of 
the process and finally, before any consignment of oil is sent out 
of the factory, a sample is token and analysed to nscertiiin that 
it comphes with tlie f^oifications of the British Pharmoeopneio 
This renders it essential that the control of all work in the fiiotones 
should be in the hands of graduates in cliemistry, enginoeriug or 
physics, and the number of such men so eraployeil is exee|itional 
for an Indian fimtoiy indnstry. 

By the sale of sandalwood oil in 1 016-17, we realised Bs. 7,00,480, 
whilst in tlio olfioial year 1017-18, tlio renlixa- 
tioiiB ainountod lo Bs. 217, DO, 4 22 and in iho 
current year, they arn expectiod to roach even a liighcr figiuo. Ah 
a Botoif against those high prioes, the jirovalenoo of war eun- 
dilions has greatly inci'eased the ortst of maiitiraotiiro, ehu4fy 
owing to tlio rise in tho price of fuel and stort^H, to wliieli must bo 
oddod the enormous rise in the cost of moving lilio oil, dim to 
enhanenmonts m railway and sen froighiu and to tho iiieretiH(»il eofri. 
of inarino insuranon. Comjjnred with many other iweui.iiil oils, 
sandalwood oil hns risen m vnlun to hut a mndarulo extent and 
has approximately kept poco with tlio dejirecintioii in liie value 
of money. This is largely duo to iJio liinit.iition of tho titulc 
demand, owing to tho oliminatinn. .of iJio veiy largo market 
whioh formerly oxistiod in enoniy uonntrieH, and tins ieH(.i'ietitin Iihh 
been further iiirrensorl ninrn tlio nolla])se of |{iiHsia. 

Tile futiiro outturn (d sundalwiMMl is gin veiy iiietiueeil hy a 
disease known as spiko ’* which first nioilo its ap]H‘amnr ‘0 about 


* Spike.** 


20 yours ago. ^Tho extiirtial Hyinpfrfiiiia arc a 
doorooso in thn sixo of tiui leuvi^ mul a 


shortoning of tho lutoruodeB. Bvmy trno Attacked, in eoursc of 
tiuio, dies and attempts to ohook the disniiso liy uprooting '* spikeil ** 
trees have ontiroly fuilnil, though in JMysorn aluiio upwards of 
700,000 trees wore so dealt with in tho years lUIKl-IO. The disouaii 


is an oxiromoly ohsouni one, and so far has entirely hafiled 
investigaliion. Joint ootiini is now being taken hy the ])niviitciiH 
intorestGd , but so for tlio war has greatly interforiul with tho 
proseention of tho cnrpiinoa. As a sandal trno does titdr arrive 
at mativity in hms tliau 40 yoara, it is eHsantiiil that uiciuis should 
be found, os early us possible, to protect existing trees from the 
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risk fjf iiifoct-ion jukI as ihi', iinuncial iiilfrcsks involved are v<iiy 
(ioiiKideraldf, eiioif'ot.k'. ueljon in clearly iietitiHKary. The ireo in a 
palaaitc. and lliouf'Ii ihc. Kmcnfi J)ej)arlni<!nlH have dcvitied mneh 
cutreful Hiudy t.i» l.iie unlf ival ion of eandal tieoK, Iplieir enor(,.s ah 
reprodia-lion have met witli Imt little Kuctjcaa. Now that Htindal- 
wood in reiiHtved iiom flu! list of raw luatieiialH <sxjior(e<l from 
the eimiitry and ilui maindac.tured |tro<hic.tB Iia,v« rtldained a worhl- 
\vid<! rc]>ntati<»n, it m necunaary that all the iiiohhunK oonmioted 
with tin; imltintry ahould be, d(!)dt with tieic.iilrilhially, no that the 

larf'cnt poHnilih^ rev(!iiue may he (halved from the inoiiopoly whiek 
the Soath of Indin eiijiya in tlie iai|ijjly ol a, driijL' in aliimnt 
univiiiHal dciiiiand. 'I'hti extraid.ion of the oil ia lutw earried out 

cm modern lintsH. 'I'lit! theraiieuile. itroiteiti<!K of the oil are umler 
inveHt.i<'af.ion by the. medical olite.ein of the. Mvant! Hlale, and a 
e.eiiHiiK ia being made, ol tint iiiiiobcr ol Ireea gioMiug in t lie Si al.(( ; 
and to complete the work of pulling tint indiudry on a liim baatK. 
it iH neeeHHUjy to enll to our uahirtlante the re-hoinv-eH of aeienee. 
tc( combat the ravageH of “ nidkc!.” 

An examinal ion of the lignres gi\en in 1 he tabular .statement 
on p. 4J12 eombined wil h the I'etnriin of sale's e.Iheled hy tin; Mysoo; 
fue.lories, clearly iiidieal,(!s llie growing inipoilancc oj fhe sandal 

tr(*e and tins sandalwood oil indnslry as a (amree ol Ksvenue to 

the provine.eb eoneerned. Iboni a\eifige sales at tin; anelioiiH of 
a little. ovt;r lo lakhii l,(jn yeans ago. l.lie I'ealii.af ions inereaaed t(» 
2fi^ lakhs in Ji)l2-lIJ, and leu* the lust two yearn 1 he combined sales 
of wood and oil have roachod 3U lakhs umltT what <tiui only be 
deBcribcd uh very unfavourablo trade conditiona. 
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